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SECTION SF 30 BLOCK 14 CONTINUATION PAGE  
 
 
The following items are applicable to this modification:    
        CONTINUATION 
1.  Please note that Amendments 5 and 6 were issued at the same time under the heading of Amendment 5. 
 
2.  Technical plans and specifications are amended.  Make appropriate changes in accordance with the attached. 
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LANGLEY AIR FORCE BASE, VIRGINIA 
AMENDMENT NO. 7 
 
SPECIFICATIONS 
 
DIVISION 03 - CONCRETE 
 
SECTION 03300 - CAST-IN-PLACE STRUCTURAL CONCRETE 
REVISED this section. 
 
DIVISION 10 - SPECIALTIES 
 
SECTION 10270A - RAISED ACCESS FLOOR (RAF) SYSTEM 
REVISED this section. 
 
DIVISION 13 - SPECIAL CONSTRUCTION 
 
SECTION 13210 - ABOVEGROUND FUEL STORAGE TANKS 
REVISED this section. 
 
SECTION 13930 - WET PIPE SPRINKLER SYSTEM, FIRE PROTECTION 
REVISED this section. 
 
DIVISION 16 - ELECTRICAL 
 
SECTION 16415 - ELECTRICAL WORK, INTERIOR 
REVISED this section. 
 
 
Fire Protection Clarifications: 
 
Under the base bid, the fire protection requirements on the 3rd floor shall be limited to the 
areas identified as E301 and F301.  The base bid shall consider that the mechanical spaces 
on the 3rd floor are enclosed as indicated on the Option 1 plans.  It is not the intent of the 
drawings to require the attic area to be sprinklered as an extension of the mechanical 
spaces under the base bid.   
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LANGLEY AIR FORCE BASE, VIRGINIA 
AMENDMENT NO. 7 
 
DRAWINGS 
 
The following drawing sheets have been revised: 
 
C-103A EXISTING CONDITIONS AND DEMOLITION 
  Plan clarification for Nealy Ave demolition, see sketch sheet SKA-C1. 
 
A-606 HOLLOW METAL FRAME DOOR AND WINDOW DETAILS 
 At Sill Detail S-16, change note for glass from "1/4" TEMPERED CLEAR GLASS 

LIGHT" to "FIRE RESISTANT GLASS". 
 
P-001 LEGEND SCHEDULES NOTES AND ABBREVIATIONS 
 Add General Work Note 22 - Floor drains located within slab below raised floor 

shall be of the ball type backwater valve floor drain with cleanout flush with slab. 
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SECTION 03300

CAST-IN-PLACE STRUCTURAL CONCRETE
11/01

PART 1 GENERAL

1.1 REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only.

ACI INTERNATIONAL (ACI)

ACI 117/117R (1990; Errata) Standard Tolerances for
Concrete Construction and Materials

ACI 211.1 (1991) Standard Practice for Selecting
Proportions for Normal, Heavyweight, and
Mass Concrete

ACI 214.3R (1988; R 1997) Simplified Version of the
Recommended Practice for Evaluation of
Strength Test Results of Concrete

ACI 305R (1999) Hot Weather Concreting

ACI 318/318R (1999) Building Code Requirements for
Structural Concrete and Commentary

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS
(AASHTO)

AASHTO M 182 (1991; R 1996) Burlap Cloth Made from Jute
or Kenaf

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 1017/C 1017M (1998) Chemical Admixtures for Use in
Producing Flowing Concrete

ASTM C 1059 (1999) Latex Agents for Bonding Fresh to
Hardened Concrete

ASTM C 1064/C 1064M (1999) Temperature of Freshly Mixed
Portland Cement Concrete

ASTM C 1077 (1998) Laboratories Testing Concrete and
Concrete Aggregates for Use in Construction
and Criteria for Laboratory Evaluation

ASTM C 1107 (1999) Packaged Dry, Hydraulic-Cement
Grout(Nonshrink)

ASTM C 136 (1996a) Sieve Analysis of Fine and Coarse
Aggregates
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ASTM C 143/C 143M (2000) Slump of Hydraulic Cement Concrete

ASTM C 150 (1999a) Portland Cement

ASTM C 171 (1997a) Sheet Materials for Curing Concrete

ASTM C 172 (1999) Sampling Freshly Mixed Concrete

ASTM C 173 (1994ael) Air Content of Freshly Mixed
Concrete by the Volumetric Method

ASTM C 192/C 192M (2000) Making and Curing Concrete Test
Specimens in the Laboratory

ASTM C 231 (1997el) Air Content of Freshly Mixed
Concrete by the Pressure Method

ASTM C 260 (2000) Air-Entraining Admixtures for
Concrete

ASTM C 309 (1998a) Liquid Membrane-Forming Compounds
for Curing Concrete

ASTM C 31/C 31M (2000e1) Making and Curing Concrete Test
Specimens in the Field

ASTM C 33 (1999ae1) Concrete Aggregates

ASTM C 39/C 39M (2001) Compressive Strength of Cylindrical
Concrete Specimens

ASTM C 42/C 42M (1999) Obtaining and Testing Drilled Cores
and Sawed Beams of Concrete

ASTM C 494/C 494M (1999ae1) Chemical Admixtures for Concrete

ASTM C 552 (2000) Cellular Glass Thermal Insulation

ASTM C 578 (1995) Rigid, Cellular Polystyrene Thermal
Insulation

ASTM C 591 (1994) Unfaced Preformed Rigid Cellular
Polyisocyanurate Thermal Insulation

ASTM C 595 (2000a) Blended Hydraulic Cements

ASTM C 618 (2000) Coal Fly Ash and Raw or Calcined
Natural Pozzolan for Use as a Mineral
Admixture in Concrete

ASTM C 78 (1994) Flexural Strength of Concrete (Using
Simple Beam With Third-Point Loading)

ASTM C 881 (1999) Epoxy-Resin-Base Bonding Systems for
Concrete

ASTM C 937 (1997) Grout Fluidifier for
Preplaced-Aggregate Concrete
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ASTM C 94/C 94M (2000e2) Ready-Mixed Concrete

ASTM C 940 (1998a) Expansion and Bleeding of Freshly
Mixed Grouts for Preplaced-Aggregate
Concrete in the Laboratory

ASTM C 989 (1999) Ground Granulated Blast-Furnace Slag
for Use in Concrete and Mortars

ASTM D 1751 (1999) Preformed Expansion Joint Filler for
Concrete Paving and Structural Construction
(Nonextruding and Resilient Bituminous
Types)

ASTM D 75 (1987; R 1997) Sampling Aggregates

ASTM E 1155 (1996) Determining Floor Flatness and
Levelness Using the F-Number System

ASTM E 96 (2000) Water Vapor Transmission of Materials

NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY (NIST)

NIST HB 44 (1997) NIST Handbook 44: Specifications,
Tolerances, and other Technical
Requirements for Weighing and Measuring
Devices

NATIONAL READY-MIXED CONCRETE ASSOCIATION (NRMCA)

NRMCA CPMB 100 (1996) Concrete Plant Standards \$n/c$\X

NRMCA QC 3 (1984) Quality Control Manual: Section 3,
Plant Certifications Checklist:
Certification of Ready Mixed Concrete
Production Facilities

NRMCA TMMB 100 (1994) Truck Mixer Agitator and Front
Discharge Concrete Carrier Standards

U.S. ARMY CORPS OF ENGINEERS (USACE)

COE CRD-C 104 (1980) Method of Calculation of the
Fineness Modulus of Aggregate

COE CRD-C 400 (1963) Requirements for Water for Use in
Mixing or Curing Concrete

COE CRD-C 521 (1981) Standard Test Method for Frequency
and Amplitude of Vibrators for Concrete

COE CRD-C 540 (1971; R 1981) Standard Specification for
Nonbituminous Inserts for Contraction
Joints in Portland Cement Concrete Airfield
Pavements, Sawable Type

COE CRD-C 572 (1974) Corps of Engineers Specifications
for Polyvinylchloride Waterstop
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1.2 LUMP SUM CONTRACT

Under this type of contract concrete items will be paid for by lump sum and
will not be measured. The work covered by these items consists of
furnishing all concrete materials, reinforcement, miscellaneous embedded
materials, and equipment, and performing all labor for the forming,
manufacture, transporting, placing, finishing, curing, and protection of
concrete in these structures.

1.3 SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only. When
used, a designation following the "G" designation identifies the office
that will review the submittal for the Government. The following shall be
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Mixture Proportions

The results of trial mixture design studies along with a
statement giving the maximum nominal coarse aggregate size and the
proportions of ingredients that will be used in the manufacture of
each strength or class of concrete, at least 14 days prior to
commencing concrete placing operations. Aggregate weights shall be
based on the saturated surface dry condition. The statement shall
be accompanied by test results from an approved independent
commercial testing laboratory, showing that mixture design studies
have been made with materials proposed for the project and that the
proportions selected will produce concrete of the qualities
indicated. No substitutions shall be made in the materials used in
the mixture design studies without additional tests to show that
the quality of the concrete is satisfactory.

SD-06 Test Reports

Testing and Inspection for Contractor Quality Control

Certified copies of laboratory test reports, including mill tests
and all other test data, for portland cement, blended cement,
pozzolan, ground granulated blast furnace slag, silica fume,
aggregate, admixtures, and curing compound proposed for use on this
project. In addition to required number of submittals, send one
copy of all test reports directly to the Contracting Officer for
information and record purposes.

SD-07 Certificates

Qualifications

Written documentation for Contractor Quality Control personnel.

1.4 QUALIFICATIONS

Contractor Quality Control personnel assigned to concrete construction
shall be American Concrete Institute (ACI) Certified Workmen in one of the
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following grades or shall have written evidence of having completed similar
qualification programs:

Concrete Field Testing Technician, Grade I
Concrete Laboratory Testing Technician, Grade I or II
Concrete Construction Inspector, Level II

Concrete Transportation Construction Inspector or
Reinforced Concrete Special Inspector, Jointly certified by American

Concrete Institute (ACI), Building Official and Code Administrators
International (BOCA), International Conference of Building Officials (ICBO),
and Southern Building Code Congress International (SBCCI).

The foreman or lead journeyman of the flatwork finishing crew shall have
similar qualification for ACI Concrete Flatwork Technician/Finisher or
equal, with written documentation.

1.5 FIELD TEST PANELS

Field test panels shall be constructed prior to beginning of work using the
materials and procedures proposed for use on the job, to demonstrate the
results to be attained. The quality and appearance of each panel shall be
subject to the approval of the Contracting Officer, and, if not judged
satisfactory, additional panels shall be constructed until approval is
attained. Formed or finished surfaces in the completed structure shall
match the quality and appearance of the approved field example.

1.5.1 Slab Panels

A slab panel at least 4 feet by 5 feet and 4 inches thick shall be
constructed to establish the acceptable criteria for a broom finish.

1.6 GENERAL REQUIREMENTS

1.6.1 Tolerances

Except as otherwise specified herein, tolerances for concrete batching,
mixture properties, and construction as well as definition of terms and
application practices shall be in accordance with ACI 117/117R. Level and
grade tolerance measurements of slabs shall be made as soon as possible
after finishing; when forms or shoring are used, the measurements shall be
made prior to removal.

1.6.1.1 Floors

For the purpose of this Section the following terminology correlation
between ACI 117/117R and this Section shall apply:

Floor Profile Quality
Classification From ACI 117/117R This Section
-------------------------------------- ---------------------

Conventional Bullfloated Same
Conventional Straightedged Same
Flat Float Finish or Trowel Finish
Very Flat Same. Use only with F-system

Levelness tolerance shall not apply where design requires floors to be
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sloped to drains or sloped for other reasons.

1.6.1.2 Floors by the F-Number System

The flatness and levelness of floors shall be carefully controlled and the
tolerances shall be measured by the F-Number system of Paragraph 4.5.6 and
4.5.6.1 of ACI 117/117R. The Contractor shall furnish an approved floor
profilograph or other equipment capable of measuring the floor flatness
(FF) number and the floor levelness (FL) number in accordance with ASTM E
1155. The Contractor shall perform the tolerance measurements within 72
hours after floor slab construction while being observed by the Contracting
Officer. The tolerances of surfaces beyond the limits of ASTM E 1155 (the
areas within 24 inches of embedments and construction joints) shall be
acceptable to the Contracting Officer. Tolerances of the following areas
shall meet the requirements for the listed surfaces as specified in
paragraphs 4.5.6 and 4.5.6.1 of ACI 117/117R.

1.6.2 Strength Requirements and w/c Ratio

1.6.2.1 Strength Requirements

Specified compressive strength (f'c) shall be as follows:

COMPRESSIVE STRENGTH STRUCTURE OR PORTION OF STRUCTURE

4000 psi at 28 days All concrete except foundations.
3000 psi at 28 days Concrete foundations.

Concrete slabs on-grade shall have a 28-day flexural strength of 650 psi.
Concrete made with high-early strength cement shall have a 7-day strength
equal to the specified 28-day strength for concrete made with Type I or II
portland cement. Compressive strength shall be determined in accordance
with ASTM C 39/C 39M. Flexural strength shall be determined in accordance
with ASTM C 78.

a. Evaluation of Concrete Compressive Strength. Compressive strength
specimens (6 by 12 inch cylinders) shall be fabricated by the
Contractor and laboratory cured in accordance with ASTM C 31/C 31M
and tested in accordance with ASTM C 39/C 39M. The strength of the
concrete will be considered satisfactory so long as the average of
all sets of three consecutive test results equals or exceeds the
specified compressive strength f'c and no individual test result
falls below the specified strength f'c by more than 500 psi. A
"test" is defined as the average of two companion cylinders, or if
only one cylinder is tested, the results of the single cylinder
test. Additional analysis or testing, including taking cores
and/or load tests may be required at the Contractor's expense when
the strength of the concrete in the structure is considered
potentially deficient.

b. Investigation of Low-Strength Compressive Test Results. When any
strength test of standard-cured test cylinders falls below the
specified strength requirement by more than 500 psi or if tests of
field-cured cylinders indicate deficiencies in protection and
curing, steps shall be taken to assure that the load-carrying
capacity of the structure is not jeopardized. When the strength of
concrete in place is considered potentially deficient, cores shall
be obtained and tested in accordance with ASTM C 42/C 42M. At
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least three representative cores shall be taken from each member or
area of concrete in place that is considered potentially deficient.
The location of cores will be determined by the Contracting

Officer to least impair the strength of the structure. Concrete in
the area represented by the core testing will be considered
adequate if the average strength of the cores is equal to at least
85 percent of the specified strength requirement and if no single
core is less than 75 percent of the specified strength requirement.
Non-destructive tests (tests other than test cylinders or cores)

shall not be used as a basis for acceptance or rejection. The
Contractor shall perform the coring and repair the holes. Cores
will be tested by the Government.

c. Load Tests. If the core tests are inconclusive or impractical to
obtain or if structural analysis does not confirm the safety of the
structure, load tests may be directed by the Contracting Officer in
accordance with the requirements of ACI 318/318R. Concrete work
evaluated by structural analysis or by results of a load test as
being understrength shall be corrected in a manner satisfactory to
the Contracting Officer. All investigations, testing, load tests,
and correction of deficiencies shall be performed by and at the
expense of the Contractor and must be approved by the Contracting
Officer, except that if all concrete is found to be in compliance
with the drawings and specifications, the cost of investigations,
testing, and load tests will be at the expense of the Government.

d. Evaluation of Concrete Flexural Strength. Flexural strength
specimens (beams) shall be fabricated by the Contractor and
laboratory cured in accordance with ASTM C 31/C 31M and tested in
accordance with ASTM C 78. The strength of the concrete will be
considered satisfactory so long as the average of all sets of three
consecutive test results equals or exceeds the specified flexural
strength and no individual test result falls below the specified
flexural strength by more than 50 psi.A "test" is defined as the
average of two companion beams. Additional analysis or testing,
including taking cores and/or load tests may be required at the
Contractor's expense when the strength of the concrete in the slab
is considered potentially deficient.

1.6.3 Air Entrainment

All normal weight concrete shall be air entrained to contain between 4 and
7 percent total air, except that when the nominal maximum size coarse
aggregate is 3/4 inch or smaller it shall be between 4.5 and 7.5 percent.
Specified air content shall be attained at point of placement into the
forms. Air content for normal weight concrete shall be determined in
accordance with ASTM C 231.

1.6.4 Slump

Slump of the concrete, as delivered to the point of placement into the
forms, shall be within the following limits. Slump shall be determined in
accordance with ASTM C 143/C 143M.
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Slump
Structural Element Minimum Maximum

_________________________ _______ _______

Walls, columns and beams 2 in. 4 in.

Foundation walls, substructure
walls, footings, slabs 1 in. 3 in.

Any structural concrete approved
for placement by pumping:

At pump 2 in. 6 in.
At discharge of line 1 in. 4 in.

When use of a plasticizing admixture conforming to ASTM C 1017/C 1017M or
when a Type F or G high range water reducing admixture conforming to ASTM C
494/C 494M is permitted to increase the slump of concrete, concrete shall
have a slump of 2 to 4 inches before the admixture is added and a maximum
slump of 8 inches at the point of delivery after the admixture is added.

1.6.5 Concrete Temperature

The temperature of the concrete as delivered shall not exceed 90 degrees F.
When the ambient temperature during placing is 40 degrees F or less, or

is expected to be at any time within 6 hours after placing, the temperature
of the concrete as delivered shall be between 55 and 75 degrees F.

1.6.6 Size of Coarse Aggregate

The largest feasible nominal maximum size aggregate (NMSA) specified in
paragraph AGGREGATES shall be used in each placement. However, nominal
maximum size of aggregate shall not exceed any of the following:
three-fourths of the minimum cover for reinforcing bars, three-fourths of
the minimum clear spacing between reinforcing bars, one-fifth of the
narrowest dimension between sides of forms, or one-third of the thickness
of slabs or toppings.

1.6.7 Special Properties and Products

Concrete may contain admixtures other than air entraining agents, such as
water reducers, superplasticizers, or set retarding agents to provide
special properties to the concrete, if specified or approved. Any of these
materials to be used on the project shall be used in the mix design studies.

1.7 MIXTURE PROPORTIONS

Concrete shall be composed of portland cement, other cementitious and
pozzolanic materials as specified, aggregates, water and admixtures as
specified.

1.7.1 Proportioning Studies for Normal Weight Concrete

Trial design batches, mixture proportioning studies, and testing
requirements for various classes and types of concrete specified shall be
the responsibility of the Contractor. Except as specified for flexural
strength concrete, mixture proportions shall be based on compressive
strength as determined by test specimens fabricated in accordance with ASTM
C 192/C 192M and tested in accordance with ASTM C 39/C 39M. Samples of all
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materials used in mixture proportioning studies shall be representative of
those proposed for use in the project and shall be accompanied by the
manufacturer's or producer's test reports indicating compliance with these
specifications. Trial mixtures having proportions, consistencies, and air
content suitable for the work shall be made based on methodology described
in ACI 211.1, using at least three different water-cement ratios for each
type of mixture, which will produce a range of strength encompassing those
required for each class and type of concrete required on the project. The
maximum water-cement ratios required in subparagraph Water-Cement Ratio
will be the equivalent water-cement ratio as determined by conversion from
the weight ratio of water to cement plus pozzolan, silica fume, and ground
granulated blast furnace slag (GGBF slag) by the weight equivalency method
as described in ACI 211.1. In the case where silica fume or GGBF slag is
used, the weight of the silica fume and GGBF slag shall be included in the
equations in ACI 211.1 for the term P, which is used to denote the weight
of pozzolan. If pozzolan is used in the concrete mixture, the minimum
pozzolan content shall be 15 percent by weight of the total cementitious
material, and the maximum shall be 35 percent. Laboratory trial mixtures
shall be designed for maximum permitted slump and air content. Separate
sets of trial mixture studies shall be made for each combination of
cementitious materials and each combination of admixtures proposed for use.
No combination of either shall be used until proven by such studies,

except that, if approved in writing and otherwise permitted by these
specifications, an accelerator or a retarder may be used without separate
trial mixture study. Separate trial mixture studies shall also be made for
concrete for any conveying or placing method proposed which requires
special properties and for concrete to be placed in unusually difficult
placing locations. The temperature of concrete in each trial batch shall
be reported. For each water-cement ratio, at least three test cylinders
for each test age shall be made and cured in accordance withASTM C 192/C
192M. They shall be tested at 7 and 28 days in accordance with ASTM C 39/C
39M. From these test results, a curve shall be plotted showing the
relationship between water-cement ratio and strength for each set of trial
mix studies. In addition, a curve shall be plotted showing the
relationship between 7 day and 28 day strengths. Each mixture shall be
designed to promote easy and suitable concrete placement, consolidation and
finishing, and to prevent segregation and excessive bleeding.

1.7.2 Average Compressive Strength Required for Mixtures

The mixture proportions selected during mixture design studies shall
produce a required average compressive strength (f'cr) exceeding the
specified compressive strength (f'c) by the amount indicated below. This
required average compressive strength, f'cr, will not be a required
acceptance criteria during concrete production. However, whenever the
daily average compressive strength at 28 days drops below f'cr during
concrete production, or daily average 7-day strength drops below a strength
correlated with the 28-day f'cr, the mixture shall be adjusted, as
approved, to bring the daily average back up to f'cr. During production,
the required f'cr shall be adjusted, as appropriate, based on the standard
deviation being attained on the job.

1.7.2.1 Computations from Test Records

Where a concrete production facility has test records, a standard deviation
shall be established in accordance with the applicable provisions of ACI
214.3R. Test records from which a standard deviation is calculated shall
represent materials, quality control procedures, and conditions similar to
those expected; shall represent concrete produced to meet a specified
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strength or strengths (f'c) within 1,000 psi of that specified for proposed
work; and shall consist of at least 30 consecutive tests. A strength test
shall be the average of the strengths of two cylinders made from the same
sample of concrete and tested at 28 days. Required average compressive
strength f'cr used as the basis for selection of concrete proportions shall
be the larger of the equations that follow using the standard deviation as
determined above:

f'cr = f'c + 1.34S where units are in psi

f'cr = f'c + 2.33S - 500 where units are in psi

Where S = standard deviation

Where a concrete production facility does not have test records meeting the
requirements above but does have a record based on 15 to 29 consecutive
tests, a standard deviation shall be established as the product of the
calculated standard deviation and a modification factor from the following
table:

MODIFICATION FACTOR
NUMBER OF TESTS FOR STANDARD DEVIATION

15 1.16
20 1.08
25 1.03

30 or more 1.00

1.7.2.2 Computations without Previous Test Records

When a concrete production facility does not have sufficient field strength
test records for calculation of the standard deviation, the required
average strength f'cr shall be determined as follows:

a. If the specified compressive strength f'c is less than 3,000 psi,

f'cr = f'c + 1000 psi

b. If the specified compressive strength f'c is 3,000 to 5,000 psi,

f'cr = f'c + 1,200 psi

c. If the specified compressive strength f'c is over 5,000 psi,

f'cr = f'c + 1,400 psi

1.8 STORAGE OF MATERIALS

Cement and other cementitious materials shall be stored in weathertight
buildings, bins, or silos which will exclude moisture and contaminants and
keep each material completely separated. Aggregate stockpiles shall be
arranged and used in a manner to avoid excessive segregation and to prevent
contamination with other materials or with other sizes of aggregates.
Aggregate shall not be stored directly on ground unless a sacrificial layer
is left undisturbed. Reinforcing bars and accessories shall be stored
above the ground on platforms, skids or other supports. Other materials
shall be stored in such a manner as to avoid contamination and
deterioration. Admixtures which have been in storage at the project site
for longer than 6 months or which have been subjected to freezing shall not

SECTION 03300 Page 10



OPERATIONS SUPPORT CENTER, LANGLEY AIR FORCE BASE, VA MUHJ02-3010

be used unless retested and proven to meet the specified requirements.
Materials shall be capable of being accurately identified after bundles or
containers are opened.

1.9 GOVERNMENT ASSURANCE INSPECTION AND TESTING

Day-to day inspection and testing shall be the responsibility of the
Contractor Quality Control (CQC) staff. However, representatives of the
Contracting Officer can and will inspect construction as considered
appropriate and will monitor operations of the Contractor's CQC staff.
Government inspection or testing will not relieve the Contractor of any of
his CQC responsibilities.

1.9.1 Materials

The Government will sample and test aggregates, cementitious materials,
other materials, and concrete to determine compliance with the
specifications as considered appropriate. The Contractor shall provide
facilities and labor as may be necessary for procurement of representative
test samples. Samples of aggregates will be obtained at the point of
batching in accordance with ASTM D 75. Other materials will be sampled
from storage at the jobsite or from other locations as considered
appropriate. Samples may be placed in storage for later testing when
appropriate.

1.9.2 Fresh Concrete

Fresh concrete will be sampled as delivered in accordance with ASTM C 172
and tested in accordance with these specifications, as considered necessary.

1.9.3 Hardened Concrete

Tests on hardened concrete will be performed by the Government when such
tests are considered necessary.

1.9.4 Inspection

Concrete operations may be tested and inspected by the Government as the
project progresses. Failure to detect defective work or material will not
prevent rejection later when a defect is discovered nor will it obligate
the Government for final acceptance.

PART 2 PRODUCTS

2.1 CEMENTITIOUS MATERIALS

Cementitious Materials shall be portland cement, portland-pozzolan cement,
portland blast-furnace slag cement, or portland cement in combination with
pozzolan or ground granulated blast furnace slag and shall conform to
appropriate specifications listed below. Use of cementitious materials in
concrete which will have surfaces exposed in the completed structure shall
be restricted so there is no change in color, source, or type of
cementitious material.

2.1.1 Portland Cement

ASTM C 150, Type I with a maximum 15 percent amount of tricalcium
aluminate, or Type II .
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2.1.2 Blended Cements

ASTM C 595, Type IP (MS)or IS (MS).

2.1.3 Pozzolan (Fly Ash)

ASTM C 618, Class C with the optional requirements for multiple factor,
drying shrinkage, and uniformity from Table 2A of ASTM C 618. If
pozzolan is used, it shall never be less than 15 percent nor more than 35
percent by weight of the total cementitious material. The Contractor shall
comply with EPA requirements in accordance with Section 01670 RECYCLED /
RECOVERED MATERIALS.

2.1.4 Ground Granulated Blast-Furnace (GGBF) Slag

ASTM C 989, Grade 120.

2.2 AGGREGATES

Aggregates shall conform to the following.

2.2.1 Fine Aggregate

Fine aggregate shall conform to the quality and gradation requirements of
ASTM C 33.

2.2.2 Coarse Aggregate

Coarse aggregate shall conform to ASTM C 33, Class 5S, size designation 57.

2.3 CHEMICAL ADMIXTURES

Chemical admixtures, when required or permitted, shall conform to the
appropriate specification listed. Admixtures shall be furnished in liquid
form and of suitable concentration for easy, accurate control of dispensing.

2.3.1 Air-Entraining Admixture

ASTM C 260 and shall consistently entrain the air content in the specified
ranges under field conditions.

2.3.2 Accelerating Admixture

ASTM C 494/C 494M, Type C or E, except that calcium chloride or admixtures
containing calcium chloride shall not be used.

2.3.3 Water-Reducing or Retarding Admixture

ASTM C 494/C 494M, Type A, B, or D, except that the 6-month and 1-year
compressive and flexural strength tests are waived.

2.3.4 High-Range Water Reducer

ASTM C 494/C 494M, Type F or G, except that the 6-month and 1-year strength
requirements are waived. The admixture shall be used only when approved in
writing, such approval being contingent upon particular mixture control as
described in the Contractor's Quality Control Plan and upon performance of
separate mixture design studies.
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2.3.5 Expanding Admixture

Aluminum powder type expanding admixture conforming to ASTM C 937.

2.3.6 Other Chemical Admixtures

Chemical admixtures for use in producing flowing concrete shall comply with
ASTM C 1017/C 1017M, Type I or II. These admixtures shall be used only
when approved in writing, such approval being contingent upon particular
mixture control as described in the Contractor's Quality Control Plan and
upon performance of separate mixture design studies.

2.4 CURING MATERIALS

2.4.1 Impervious-Sheet

Impervious-sheet materials shall conform to ASTM C 171, type optional,
except, that polyethylene sheet shall not be used.

2.4.2 Membrane-Forming Compound

Membrane-Forming curing compound shall conform to ASTM C 309, Type 1-D or
2, except that only a styrene acrylate or chlorinated rubber compound
meeting Class B requirements shall be used for surfaces that are to be
painted or are to receive bituminous roofing, or waterproofing, or floors
that are to receive adhesive applications of resilient flooring. The
curing compound selected shall be compatible with any subsequent paint,
roofing, waterproofing, or flooring specified. Nonpigmented compound shall
contain a fugitive dye, and shall have the reflective requirements in ASTM
C 309 waived.

2.4.3 Burlap and Cotton Mat

Burlap and cotton mat used for curing shall conform to AASHTO M 182.

2.5 WATER

Water for mixing and curing shall be fresh, clean, potable, and free of
injurious amounts of oil, acid, salt, or alkali, except that non-potable
water may be used if it meets the requirements of COE CRD-C 400.

2.6 NONSHRINK GROUT

Nonshrink grout shall conform to ASTM C 1107, Grade AB, and shall be a
commercial formulation suitable for the proposed application.

2.7 NONSLIP SURFACING MATERIAL

Nonslip surfacing material shall consist of 55 percent, minimum, aluminum
oxide or silicon-dioxide abrasive ceramically bonded together to form a
homogeneous material sufficiently porous to provide a good bond with
portland cement paste; or factory-graded emery aggregate consisting of not
less than 45 percent aluminum oxide and 25 percent ferric oxide. The
aggregate shall be well graded from particles retained on the No. 30 sieve
to particles passing the No. 8 sieve.

2.8 LATEX BONDING AGENT

Latex agents for bonding fresh to hardened concrete shall conform to ASTM C
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1059.

2.9 EPOXY RESIN

Epoxy resins for use in repairs shall conform to ASTM C 881, Type V, Grade
2. Class as appropriate to the existing ambient and surface temperatures.

2.10 EMBEDDED ITEMS

Embedded items shall be of the size and type indicated or as needed for the
application. Dovetail slots shall be galvanized steel. Hangers for
suspended ceilings shall be as specified in Section 09510 ACOUSTICAL
CEILINGS. Inserts for shelf angles and bolt hangers shall be of malleable
iron or cast or wrought steel.

2.11 FLOOR HARDENER

Floor hardener shall be a colorless aqueous solution containing zinc
silicofluoride, magnesium silicofluoride, or sodium silicofluoride. These
silicofluorides can be used individually or in combination. Proprietary
hardeners may be used if approved in writing by the Contracting Officer.

2.12 PERIMETER INSULATION

Perimeter insulation shall be polystyrene conforming to ASTM C 578, Type
II; polyurethane conforming to ASTM C 591, Type II; or cellular glass
conforming to ASTM C 552, Type I or IV. The Contractor shall comply with
EPA requirements in accordance with Section 01670 RECYCLED / RECOVERED
MATERIALS. Perimeter insulation shall have an R-Value of 11.

2.13 VAPOR RETARDER

Vapor retarder shall be polyethylene sheeting with a minimum thickness of 6
mils or other equivalent material having a vapor permeance rating not
exceeding 0.5 perms as determined in accordance with ASTM E 96.

2.14 JOINT MATERIALS

2.14.1 Joint Fillers, Sealers, and Waterstops

Expansion joint fillers shall be preformed materials conforming to ASTM D
1751. Materials for waterstops shall be in accordance with Section 03150
EXPANSION JOINTS, CONTRACTION JOINTS, AND WATERSTOPS. Materials for and
sealing of joints shall conform to the requirements of Section 07900 JOINT
SEALING.

2.14.2 Contraction Joints in Slabs

Sawable type contraction joint inserts shall conform to COE CRD-C 540.
Nonsawable joint inserts shall have sufficient stiffness to permit
placement in plastic concrete without undue deviation from a straight line
and shall conform to the physical requirements of COE CRD-C 540, with the
exception of Section 3.4 "Resistance to Sawing". Plastic inserts shall be
polyvinyl chloride conforming to the materials requirements of COE CRD-C 572.

PART 3 EXECUTION

3.1 PREPARATION FOR PLACING
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Before commencing concrete placement, the following shall be performed.
Surfaces to receive concrete shall be clean and free from frost, ice, mud,
and water. Forms shall be in place, cleaned, coated, and adequately
supported, in accordance with Section 03100 STRUCTURAL CONCRETE FORMWORK.
Reinforcing steel shall be in place, cleaned, tied, and adequately
supported, in accordance with Section 03200 CONCRETE REINFORCEMENT.
Transporting and conveying equipment shall be in-place, ready for use,
clean, and free of hardened concrete and foreign material. Equipment for
consolidating concrete shall be at the placing site and in proper working
order. Equipment and material for curing and for protecting concrete from
weather or mechanical damage shall be at the placing site, in proper
working condition and in sufficient amount for the entire placement. When
hot, windy conditions during concreting appear probable, equipment and
material shall be at the placing site to provide windbreaks, shading,
fogging, or other action to prevent plastic shrinkage cracking or other
damaging drying of the concrete.

3.1.1 Foundations

3.1.1.1 Concrete on Earth Foundations

Earth (subgrade, base, or subbase courses) surfaces upon which concrete is
to be placed shall be clean, damp, and free from debris, frost, ice, and
standing or running water. Prior to placement of concrete, the foundation
shall be well drained and shall be satisfactorily graded and uniformly
compacted.

3.1.1.2 Excavated Surfaces in Lieu of Forms

Concrete for footings may be placed directly against the soil provided the
earth has been carefully trimmed, is uniform and stable, and meets the
compaction requirements of Section 02315 EXCAVATION, FILLING, AND
BACKFILLING FOR BUILDINGS. The concrete shall be placed without becoming
contaminated by loose material, and the outline of the concrete shall be
within the specified tolerances.

3.1.2 Previously Placed Concrete

Concrete surfaces to which additional concrete is to be bonded shall be
prepared for receiving the next horizontal lift by cleaning the
construction joint surface with either air-water cutting, sandblasting,
high-pressure water jet, or other approved method. Concrete at the side of
vertical construction joints shall be prepared as approved by the
Contracting Officer. Air-water cutting shall not be used on formed
surfaces or surfaces congested with reinforcing steel. Regardless of the
method used, the resulting surfaces shall be free from all laitance and
inferior concrete so that clean surfaces of well bonded coarse aggregate
are exposed and make up at least 10-percent of the surface area,
distributed uniformly throughout the surface. The edges of the coarse
aggregate shall not be undercut. The surface of horizontal construction
joints shall be kept continuously wet for the first 12 hours during the
24-hour period prior to placing fresh concrete. The surface shall be
washed completely clean as the last operation prior to placing the next
lift. For heavy duty floors and two-course floors a thin coat of neat
cement grout of about the consistency of thick cream shall be thoroughly
scrubbed into the existing surface immediately ahead of the topping
placing. The grout shall be a 1:1 mixture of portland cement and sand
passing the No. 8 sieve. The topping concrete shall be deposited before
the grout coat has had time to stiffen.
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3.1.2.1 Preparation of Previously Placed Concrete

Concrete surfaces to which other concrete is to be bonded shall be abraded
in an approved manner that will expose sound aggregate uniformly without
damaging the concrete. Laitance and loose particles shall be removed.
Surfaces shall be thoroughly washed and shall be moist but without free
water when concrete is placed.

3.1.3 Vapor Retarder

Vapor retarder shall be provided beneath the interior on-grade concrete
floor slabs. The greatest widths and lengths practicable shall be used to
eliminate joints wherever possible. Joints shall be lapped a minimum of 12
inches. Torn, punctured, or damaged vapor retarder material shall be
removed and new vapor retarder shall be provided prior to placing concrete.
For minor repairs, patches may be made using laps of at least 12 inches.

Lapped joints shall be sealed and edges patched with pressure-sensitive
adhesive or tape not less than 2 inches wide and compatible with the
membrane. Vapor retarder shall be placed directly on underlying subgrade,
base course, or capillary water barrier. Concrete placement shall be
controlled so as to prevent damage to the vapor retarder, or any covering
sand.

3.1.4 Perimeter Insulation

Perimeter insulation shall be installed at locations indicated. Adhesive
shall be used where insulation is applied to the interior surface of
foundation walls and may be used for exterior application.

3.1.5 Embedded Items

Before placement of concrete, care shall be taken to determine that all
embedded items are firmly and securely fastened in place as indicated on
the drawings, or required. Conduit and other embedded items shall be clean
and free of oil and other foreign matter such as loose coatings or rust,
paint, and scale. The embedding of wood in concrete will be permitted only
when specifically authorized or directed. Voids in sleeves, inserts, and
anchor slots shall be filled temporarily with readily removable materials
to prevent the entry of concrete into voids. Welding shall not be
performed on embedded metals within 1 feet of the surface of the concrete.
Tack welding shall not be performed on or to embedded items.

3.2 CONCRETE PRODUCTION

3.2.1 Batching, Mixing, and Transporting Concrete

Concrete shall either be batched and mixed onsite or shall be furnished
from a ready-mixed concrete plant. Ready-mixed concrete shall be batched,
mixed, and transported in accordance with ASTM C 94/C 94M, except as
otherwise specified. Truck mixers, agitators, and nonagitating
transporting units shall comply with NRMCA TMMB 100. Ready-mix plant
equipment and facilities shall be certified in accordance with NRMCA QC 3.
Approved batch tickets shall be furnished for each load of ready-mixed
concrete. Site-mixed concrete shall conform to the following subparagraphs.

3.2.1.1 General

The batching plant shall be located off site close to the project. The
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batching plant shall conform to the requirements of NRMCA CPMB 100 and as
specified; however, rating plates attached to batch plant equipment are not
required.

3.2.1.2 Batching Equipment

The batching controls shall be semiautomatic or automatic, as defined in
NRMCA CPMB 100. A semiautomatic batching system shall be provided with
interlocks such that the discharge device cannot be actuated until the
indicated material is within the applicable tolerance. The batching system
shall be equipped with accurate recorder or recorders that meet the
requirements of NRMCA CPMB 100. The weight of water and admixtures shall
be recorded if batched by weight. Separate bins or compartments shall be
provided for each size group of aggregate and type of cementitious
material, to prevent intermingling at any time. Aggregates shall be
weighed either in separate weigh batchers with individual scales or,
provided the smallest size is batched first, cumulatively in one weigh
batcher on one scale. Aggregate shall not be weighed in the same batcher
with cementitious material. If both portland cement and other cementitious
material are used, they may be batched cumulatively, provided that the
portland cement is batched first. Water may be measured by weight or
volume. Water shall not be weighed or measured cumulatively with another
ingredient. Filling and discharging valves for the water metering or
batching system shall be so interlocked that the discharge valve cannot be
opened before the filling valve is fully closed. Piping for water and for
admixtures shall be free from leaks and shall be properly valved to prevent
backflow or siphoning. Admixtures shall be furnished as a liquid of
suitable concentration for easy control of dispensing. An adjustable,
accurate, mechanical device for measuring and dispensing each admixture
shall be provided. Each admixture dispenser shall be interlocked with the
batching and discharging operation of the water so that each admixture is
separately batched and individually discharged automatically in a manner to
obtain uniform distribution throughout the water as it is added to the
batch in the specified mixing period. When use of truck mixers makes this
requirement impractical, the admixture dispensers shall be interlocked with
the sand batchers. Different admixtures shall not be combined prior to
introduction in water and shall not be allowed to intermingle until in
contact with the cement. Admixture dispensers shall have suitable devices
to detect and indicate flow during dispensing or have a means for visual
observation. The plant shall be arranged so as to facilitate the
inspection of all operations at all times. Suitable facilities shall be
provided for obtaining representative samples of aggregates from each bin
or compartment, and for sampling and calibrating the dispensing of
cementitious material, water, and admixtures. Filling ports for
cementitious materials bins or silos shall be clearly marked with a
permanent sign stating the contents.

3.2.1.3 Scales

The weighing equipment shall conform to the applicable requirements of CPMB
Concrete Plant Standard, and of NIST HB 44, except that the accuracy shall
be plus or minus 0.2 percent of scale capacity. The Contractor shall
provide standard test weights and any other auxiliary equipment required
for checking the operating performance of each scale or other measuring
devices. The tests shall be made at the specified frequency in the
presence of a Government inspector. The weighing equipment shall be
arranged so that the plant operator can conveniently observe all dials or
indicators.
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3.2.1.4 Batching Tolerances

(A) Tolerances with Weighing Equipment

PERCENT OF REQUIRED
MATERIAL WEIGHT

Cementitious materials 0 to plus 2
Aggregate plus or minus 2
Water plus or minus 1
Chemical admixture 0 to plus 6

(B) Tolerances with Volumetric Equipment

For volumetric batching equipment used for water and admixtures, the
following tolerances shall apply to the required volume of material being
batched:

PERCENT OF REQUIRED
MATERIAL MATERIAL

Water: plus or minus 1 percent
Chemical admixtures: 0 to plus 6 percent

3.2.1.5 Moisture Control

The plant shall be capable of ready adjustment to compensate for the
varying moisture content of the aggregates and to change the weights of the
materials being batched.

3.2.1.6 Concrete Mixers

Mixers shall be stationary mixers or truck mixers. Mixers shall be capable
of combining the materials into a uniform mixture and of discharging this
mixture without segregation. The mixers shall not be charged in excess of
the capacity recommended by the manufacturer. The mixers shall be operated
at the drum or mixing blade speed designated by the manufacturer. The
mixers shall be maintained in satisfactory operating condition, and the
mixer drums shall be kept free of hardened concrete. Should any mixer at
any time produce unsatisfactory results, its use shall be promptly
discontinued until it is repaired.

3.2.1.7 Stationary Mixers

Concrete plant mixers shall be drum-type mixers of tilting, nontilting,
horizontal-shaft, or vertical-shaft type, or shall be pug mill type and
shall be provided with an acceptable device to lock the discharge mechanism
until the required mixing time has elapsed. The mixing time and uniformity
shall conform to all the requirements in ASTM C 94/C 94M applicable to
central-mixed concrete.

3.2.1.8 Truck Mixers

Truck mixers, the mixing of concrete therein, and concrete uniformity shall
conform to the requirements of ASTM C 94/C 94M. A truck mixer may be used
either for complete mixing (transit-mixed) or to finish the partial mixing
done in a stationary mixer (shrink-mixed). Each truck shall be equipped
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with two counters from which it is possible to determine the number of
revolutions at mixing speed and the number of revolutions at agitating
speed. Water shall not be added at the placing site unless specifically
approved; and in no case shall it exceed the specified w/c. Any such water
shall be injected at the base of the mixer, not at the discharge end.

3.3 TRANSPORTING CONCRETE TO PROJECT SITE

Concrete shall be transported to the placing site in truck mixers,
agitators, nonagitating transporting equipment conforming to NRMCA TMMB 100
or by approved pumping equipment.

3.4 CONVEYING CONCRETE ON SITE

Concrete shall be conveyed from mixer or transporting unit to forms as
rapidly as possible and within the time interval specified by methods which
will prevent segregation or loss of ingredients using following equipment.
Conveying equipment shall be cleaned before each placement.

3.4.1 Buckets

The interior hopper slope shall be not less than 58 degrees from the
horizontal, the minimum dimension of the clear gate opening shall be at
least 5 times the nominal maximum-size aggregate, and the area of the gate
opening shall not be less than 2 square feet.The maximum dimension of the
gate opening shall not be greater than twice the minimum dimension. The
bucket gates shall be essentially grout tight when closed and may be
manually, pneumatically, or hydraulically operated except that buckets
larger than 2 cubic yardsshall not be manually operated. The design of the
bucket shall provide means for positive regulation of the amount and rate
of deposit of concrete in each dumping position.

3.4.2 Transfer Hoppers

Concrete may be charged into nonagitating hoppers for transfer to other
conveying devices. Transfer hoppers shall be capable of receiving concrete
directly from delivery vehicles and shall have conical-shaped discharge
features. The transfer hopper shall be equipped with a hydraulically
operated gate and with a means of external vibration to effect complete
discharge. Concrete shall not be held in nonagitating transfer hoppers
more than 30 minutes.

3.4.3 Trucks

Truck mixers operating at agitating speed or truck agitators used for
transporting plant-mixed concrete shall conform to the requirements of ASTM
C 94/C 94M. Nonagitating equipment shall be used only for transporting
plant-mixed concrete over a smooth road and when the hauling time is less
than 15 minutes. Bodies of nonagitating equipment shall be smooth,
watertight, metal containers specifically designed to transport concrete,
shaped with rounded corners to minimize segregation, and equipped with
gates that will permit positive control of the discharge of the concrete.

3.4.4 Chutes

When concrete can be placed directly from a truck mixer, agitator, or
nonagitating equipment, the chutes normally attached to this equipment by
the manufacturer may be used. A discharge deflector shall be used when
required by the Contracting Officer. Separate chutes and other similar
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equipment will not be permitted for conveying concrete.

3.4.5 Belt Conveyors

Belt conveyors shall be designed and operated to assure a uniform flow of
concrete from mixer to final place of deposit without segregation of
ingredients or loss of mortar and shall be provided with positive means,
such as discharge baffle or hopper , for preventing segregation of the
concrete at the transfer points and the point of placing. Belt conveyors
shall be constructed such that the idler spacing shall not exceed 36 inches.
The belt speed shall be a minimum of 300 feet per minute and a maximum of

750 feet per minute. If concrete is to be placed through installed
horizontal or sloping reinforcing bars, the conveyor shall discharge
concrete into a pipe or elephant truck that is long enough to extend
through the reinforcing bars.

3.4.6 Concrete Pumps

Concrete may be conveyed by positive displacement pump when approved. The
pumping equipment shall be piston or squeeze pressure type; pneumatic
placing equipment shall not be used. The pipeline shall be rigid steel
pipe or heavy-duty flexible hose. The inside diameter of the pipe shall be
at least 3 times the nominal maximum-size coarse aggregate in the concrete
mixture to be pumped but not less than 4 inches. Aluminum pipe shall not
be used.

3.5 PLACING CONCRETE

Mixed concrete shall be discharged within 1-1/2 hours or before the mixer
drum has revolved 300 revolutions, whichever comes first after the
introduction of the mixing water to the cement and aggregates. When the
concrete temperature exceeds 85 degrees F, the time shall be reduced to 45
minutes. Concrete shall be placed within 15 minutes after it has been
discharged from the transporting unit. Concrete shall be handled from
mixer or transporting unit to forms in a continuous manner until the
approved unit of operation is completed. Adequate scaffolding, ramps and
walkways shall be provided so that personnel and equipment are not
supported by in-place reinforcement. Placing will not be permitted when
the sun, heat, wind, or limitations of facilities furnished by the
Contractor prevent proper consolidation, finishing and curing. Sufficient
placing capacity shall be provided so that concrete can be kept free of
cold joints.

3.5.1 Depositing Concrete

Concrete shall be deposited as close as possible to its final position in
the forms, and there shall be no vertical drop greater than 5 feet except
where suitable equipment is provided to prevent segregation and where
specifically authorized. Depositing of the concrete shall be so regulated
that it will be effectively consolidated in horizontal layers not more than
12 inches thick, except that all slabs shall be placed in a single layer.
Concrete to receive other construction shall be screeded to the proper
level. Concrete shall be deposited continuously in one layer or in layers
so that fresh concrete is deposited on in-place concrete that is still
plastic. Fresh concrete shall not be deposited on concrete that has
hardened sufficiently to cause formation of seams or planes of weakness
within the section. Concrete that has surface dried, partially hardened,
or contains foreign material shall not be used. When temporary spreaders
are used in the forms, the spreaders shall be removed as their service
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becomes unnecessary. Concrete shall not be placed in slabs over columns
and walls until concrete in columns and walls has been in-place at least
two hours or until the concrete begins to lose its plasticity. Concrete
for beams, girders, brackets, column capitals, haunches, and drop panels
shall be placed at the same time as concrete for adjoining slabs.

3.5.2 Consolidation

Immediately after placing, each layer of concrete shall be consolidated by
internal vibrators, except for slabs 4 inches thick or less. The vibrators
shall at all times be adequate in effectiveness and number to properly
consolidate the concrete; a spare vibrator shall be kept at the jobsite
during all concrete placing operations. The vibrators shall have a
frequency of not less than 10,000 vibrations per minute, an amplitude of at
least 0.025 inch, and the head diameter shall be appropriate for the
structural member and the concrete mixture being placed. Vibrators shall
be inserted vertically at uniform spacing over the area of placement. The
distance between insertions shall be approximately 1-1/2 times the radius
of action of the vibrator so that the area being vibrated will overlap the
adjacent just-vibrated area by a reasonable amount. The vibrator shall
penetrate rapidly to the bottom of the layer and at least 6 inches into the
preceding layer if there is such. Vibrator shall be held stationary until
the concrete is consolidated and then vertically withdrawn slowly while
operating. Form vibrators shall not be used unless specifically approved
and unless forms are constructed to withstand their use. Vibrators shall
not be used to move concrete within the forms. Slabs 4 inches and less in
thickness shall be consolidated by properly designed vibrating screeds or
other approved technique. Frequency and amplitude of vibrators shall be
determined in accordance with COE CRD-C 521. Grate tampers ("jitterbugs")
shall not be used.

3.5.3 Cold Weather Requirements

Special protection measures, approved by the Contracting Officer, shall be
used if freezing temperatures are anticipated before the expiration of the
specified curing period. The ambient temperature of the air where concrete
is to be placed and the temperature of surfaces to receive concrete shall
be not less than 40 degrees F. The temperature of the concrete when placed
shall be not less than 50 degrees F nor more than 75 degrees F. Heating of
the mixing water or aggregates will be required to regulate the concrete
placing temperature. Materials entering the mixer shall be free from ice,
snow, or frozen lumps. Salt, chemicals or other materials shall not be
incorporated in the concrete to prevent freezing. Upon written approval,
an accelerating admixture conforming to ASTM C 494/C 494M, Type C or E may
be used, provided it contains no calcium chloride. Calcium chloride shall
not be used.

3.5.4 Hot Weather Requirements

When the ambient temperature during concrete placing is expected to exceed
85 degrees F, the concrete shall be placed and finished with procedures
previously submitted and as specified herein. The concrete temperature at
time of delivery to the forms shall not exceed the temperature shown in the
table below when measured in accordance with ASTM C 1064/C 1064M. Cooling
of the mixing water or aggregates or placing concrete in the cooler part of
the day may be required to obtain an adequate placing temperature. A
retarder may be used, as approved, to facilitate placing and finishing.
Steel forms and reinforcements shall be cooled as approved prior to
concrete placement when steel temperatures are greater than 120 degrees F.
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Conveying and placing equipment shall be cooled if necessary to maintain
proper concrete-placing temperature.

Maximum Allowable Concrete Placing Temperature
______________________________________________

Relative Humidity, Percent, Maximum Allowable Concrete
During Time of Temperature

Concrete Placement Degrees
__________________ _______

Greater than 60 90 F
40-60 85 F

Less than 40 80 F

3.5.5 Prevention of Plastic Shrinkage Cracking

During hot weather with low humidity, and particularly with appreciable
wind, as well as interior placements when space heaters produce low
humidity, the Contractor shall be alert to the tendency for plastic
shrinkage cracks to develop and shall institute measures to prevent this.
Particular care shall be taken if plastic shrinkage cracking is potentially
imminent and especially if it has developed during a previous placement.
Periods of high potential for plastic shrinkage cracking can be anticipated
by use of Fig. 2.1.5 of ACI 305R. In addition the concrete placement shall
be further protected by erecting shades and windbreaks and by applying fog
sprays of water, sprinkling, ponding or wet covering. Plastic shrinkage
cracks that occur shall be filled by injection of epoxy resin as directed,
after the concrete hardens. Plastic shrinkage cracks shall never be
troweled over or filled with slurry.

3.5.6 Placing Concrete in Congested Areas

Special care shall be used to ensure complete filling of the forms,
elimination of all voids, and complete consolidation of the concrete when
placing concrete in areas congested with reinforcing bars, embedded items,
waterstops and other tight spacing. An appropriate concrete mixture shall
be used, and the nominal maximum size of aggregate (NMSA) shall meet the
specified criteria when evaluated for the congested area. Vibrators with
heads of a size appropriate for the clearances available shall be used, and
the consolidation operation shall be closely supervised to ensure complete
and thorough consolidation at all points. Where necessary, splices of
reinforcing bars shall be alternated to reduce congestion. Where two mats
of closely spaced reinforcing are required, the bars in each mat shall be
placed in matching alignment to reduce congestion. Reinforcing bars may be
temporarily crowded to one side during concrete placement provided they are
returned to exact required location before concrete placement and
consolidation are completed.

3.5.7 Placing Flowable Concrete

If a plasticizing admixture conforming to ASTM C 1017/C 1017M is used or if
a Type F or G high range water reducing admixture is permitted to increase
the slump, the concrete shall meet all requirements of paragraph GENERAL
REQUIREMENTS in PART 1. Extreme care shall be used in conveying and
placing the concrete to avoid segregation. Consolidation and finishing
shall meet all requirements of paragraphs Placing Concrete, Finishing
Formed Surfaces, and Finishing Unformed Surfaces. No relaxation of
requirements to accommodate flowable concrete will be permitted.
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3.6 JOINTS

Joints shall be located and constructed as indicated or approved. Joints
not indicated on the drawings shall be located and constructed to minimize
the impact on the strength of the structure. In general, such joints shall
be located near the middle of the spans of supported slabs, beams, and
girders unless a beam intersects a girder at this point, in which case the
joint in the girder shall be offset a distance equal to twice the width of
the beam. Joints in walls and columns shall be at the underside of floors,
slabs, beams, or girders and at the tops of footings or floor slabs, unless
otherwise approved. Joints shall be perpendicular to the main
reinforcement. All reinforcement shall be continued across joints; except
that reinforcement or other fixed metal items shall not be continuous
through expansion joints, or through construction or contraction joints in
slabs on grade. Reinforcement shall be 2 inches clear from each joint.
Except where otherwise indicated, construction joints between interior
slabs on grade and vertical surfaces shall consist of 30 pound
asphalt-saturated felt, extending for the full depth of the slab. The
perimeters of the slabs shall be free of fins, rough edges, spalling, or
other unsightly appearance. Reservoir for sealant for construction and
contraction joints in slabs shall be formed to the dimensions shown on the
drawings by removing snap-out joint-forming inserts, by sawing sawable
inserts, or by sawing to widen the top portion of sawed joints. Joints to
be sealed shall be cleaned and sealed as indicated and in accordance with
Section 07900 JOINT SEALING.

3.6.1 Construction Joints

Concrete shall be placed continuously so that each unit is monolithic in
construction. Fresh concrete shall not be placed against adjacent hardened
concrete until it is at least 24 hours old. Construction joints shall be
located as indicated or approved. Where concrete work is interrupted by
weather, end of work shift or other similar type of delay, location and
type of construction joint shall be subject to approval of the Contracting
Officer. Unless otherwise indicated and except for slabs on grade,
reinforcing steel shall extend through construction joints. Construction
joints in slabs on grade shall be keyed or doweled as shown. Concrete
columns, walls, or piers shall be in place at least 2 hours, or until the
concrete begins to lose its plasticity, before placing concrete for beams,
girders, or slabs thereon. In walls having door or window openings, lifts
shall terminate at the top and bottom of the opening. Other lifts shall
terminate at such levels as to conform to structural requirements or
architectural details. Where horizontal construction joints in walls or
columns are required, a strip of 1 inchsquare-edge lumber, bevelled and
oiled to facilitate removal, shall be tacked to the inside of the forms at
the construction joint. Concrete shall be placed to a point 1 inch above
the underside of the strip. The strip shall be removed 1 hour after the
concrete has been placed, and any irregularities in the joint line shall be
leveled off with a wood float, and all laitance shall be removed. Prior to
placing additional concrete, horizontal construction joints shall be
prepared as specified in paragraph Previously Placed Concrete.

3.6.2 Contraction Joints in Slabs on Grade

Contraction joints shall be located and detailed as shown on the drawings.
Contraction Joints shall be produced by forming a weakened plane in the
concrete slab by use of rigid inserts impressed in the concrete during
placing operations or sawing a continuous slot with a concrete saw.

SECTION 03300 Page 23



OPERATIONS SUPPORT CENTER, LANGLEY AIR FORCE BASE, VA MUHJ02-3010

Regardless of method used to produce the weakened plane, it shall be 1/4
the depth of the slab thickness and between 1/8 and 3/16 inch wide. For
saw-cut joints, cutting shall be timed properly with the set of the concrete,
but in no case shall cutting exceed 24 hours from the beginning of concrete
placement. Cutting shall be started as soon as the concrete has hardened
sufficiently to prevent ravelling of the edges of the saw cut. Cutting
shall be completed before shrinkage stresses become sufficient to produce
cracking. Reservoir for joint sealant shall be formed as previously
specified.

3.6.3 Waterstops

Waterstops shall be installed in conformance with the locations and details
shown on the drawings using materials and procedures specified in Section
03150 EXPANSION JOINTS, CONTRACTION JOINTS, AND WATERSTOPS.

3.6.4 Dowels and Tie Bars

Dowels and tie bars shall be installed at the locations shown on the
drawings and to the details shown, using materials and procedures specified
in Section 03200 CONCRETE REINFORCEMENT and herein. Conventional smooth
"paving" dowels shall be installed in slabs using approved methods to hold
the dowel in place during concreting within a maximum alignment tolerance
of 1/8 inch in 12 inches. "Structural" type deformed bar dowels, or tie
bars, shall be installed to meet the specified tolerances. Care shall be
taken during placing adjacent to and around dowels and tie bars to ensure
there is no displacement of the dowel or tie bar and that the concrete
completely embeds the dowel or tie bar and is thoroughly consolidated.

3.7 FINISHING FORMED SURFACES

Forms, form materials, and form construction are specified in Section 03100
STRUCTURAL CONCRETE FORMWORK. Finishing of formed surfaces shall be as
specified herein. Unless another type of architectural or special finish
is specified, surfaces shall be left with the texture imparted by the forms
except that defective surfaces shall be repaired. Unless painting of
surfaces is required, uniform color of the concrete shall be maintained by
use of only one mixture without changes in materials or proportions for any
structure or portion of structure that requires a Class A or B finish.
Except for major defects, as defined hereinafter, surface defects shall be
repaired as specified herein within 24 hours after forms are removed.
Repairs of the so-called "plaster-type" will not be permitted in any
location. Tolerances of formed surfaces shall conform to the requirements
of ACI 117/117R. These tolerances apply to the finished concrete surface,
not to the forms themselves; forms shall be set true to line and grade.
Form tie holes requiring repair and other defects whose depth is at least
as great as their surface diameter shall be repaired as specified in
paragraph Damp-Pack Mortar Repair. Defects whose surface diameter is
greater than their depth shall be repaired as specified in paragraph Repair
of Major Defects. Repairs shall be finished flush with adjacent surfaces
and with the same surface texture. The cement used for all repairs shall
be a blend of job cement with white cement proportioned so that the final
color after curing and aging will be the same as the adjacent concrete.
Concrete with excessive honeycomb, or other defects which affect the
strength of the member, will be rejected. Repairs shall be demonstrated to
be acceptable and free from cracks or loose or drummy areas at the
completion of the contract and, for Class A and B Finishes, shall be
inconspicuous. Repairs not meeting these requirements will be rejected and
shall be replaced.
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3.7.1 Class A Finish and Class B Finish

Class B finish is required on all exposed to view concrete surfaces. Fins,
ravelings, and loose material shall be removed, all surface defects over
1/2 inch in diameter or more than 1/2 inch deep, shall be repaired and,
except as otherwise indicated or as specified in Section 03100 STRUCTURAL
CONCRETE FORMWORK, holes left by removal of form ties shall be reamed and
filled. Defects more than 1/2 inch in diameter shall be cut back to sound
concrete, but in all cases at least 1 inch deep. The Contractor shall
prepare a sample panel for approval (as specified in PART 1) before
commencing repair, showing that the surface texture and color match will be
attained. Metal tools shall not be used to finish repairs in Class A
surfaces.

3.7.2 Class C and Class D Finish

Class C finish is required where Class B or D finish is not required.
Class D finish is required for footings. Fins, ravelings, and loose
material shall be removed, and, except as otherwise indicated or as
specified in Section 03100 STRUCTURAL CONCRETE FORMWORK, holes left by
removal of form ties shall be reamed and filled. Honeycomb and other
defects more than 1/2 inch deep or more than 2 inches in diameter shall be
repaired. Defects more than 2 inches in diameter shall be cut back to
sound concrete, but in all cases at least 1 inch deep.

3.8 REPAIRS

3.8.1 Damp-Pack Mortar Repair

Form tie holes requiring repair and other defects whose depth is at least
as great as their surface diameter but not over 4 inches shall be repaired
by the damp-pack mortar method. Form tie holes shall be reamed and other
similar defects shall be cut out to sound concrete. The void shall then be
thoroughly cleaned, thoroughly wetted, brush-coated with a thin coat of
neat cement grout and filled with mortar. Mortar shall be a stiff mix of 1
part portland cement to 2 parts fine aggregate passing the No. 16 mesh
sieve, and minimum amount of water. Only sufficient water shall be used to
produce a mortar which, when used, will stick together on being molded into
a ball by a slight pressure of the hands and will not exude water but will
leave the hands damp. Mortar shall be mixed and allowed to stand for 30 to
45 minutes before use with remixing performed immediately prior to use.
Mortar shall be thoroughly tamped in place in thin layers using a hammer
and hardwood block. Holes passing entirely through walls shall be
completely filled from the inside face by forcing mortar through to the
outside face. All holes shall be packed full. Damp-pack repairs shall be
moist cured for at least 48 hours.

3.8.2 Repair of Major Defects

Major defects will be considered to be those more than 1/2 inch deep or,
for Class A and B finishes, more than 1/2 inch in diameter and, for Class C
and D finishes, more than 2 inches in diameter. Also included are any
defects of any kind whose depth is over 4 inches or whose surface diameter
is greater than their depth. Major defects shall be repaired as specified
below.

3.8.2.1 Surface Application of Mortar Repair
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Defective concrete shall be removed, and removal shall extend into
completely sound concrete. Approved equipment and procedures which will
not cause cracking or microcracking of the sound concrete shall be used.
If reinforcement is encountered, concrete shall be removed so as to expose
the reinforcement for at least 2 inches on all sides. All such defective
areas greater than 12 square inchesshall be outlined by saw cuts at least 1
inch deep. Defective areas less than 12 square inches shall be outlined
by a 1 inch deep cut with a core drill in lieu of sawing. All saw cuts
shall be straight lines in a rectangular pattern in line with the formwork
panels. After concrete removal, the surface shall be thoroughly cleaned by
high pressure washing to remove all loose material. Surfaces shall be kept
continually saturated for the first 12 of the 24 hours immediately before
placing mortar and shall be damp but not wet at the time of commencing
mortar placement. The Contractor, at his option, may use either
hand-placed mortar or mortar placed with a mortar gun. If hand-placed
mortar is used, the edges of the cut shall be perpendicular to the surface
of the concrete. The prepared area shall be brush-coated with a thin coat
of neat cement grout. The repair shall then be made using a stiff mortar,
preshrunk by allowing the mixed mortar to stand for 30 to 45 minutes and
then remixed, thoroughly tamped into place in thin layers. If hand-placed
mortar is used, the Contractor shall test each repair area for drumminess
by firm tapping with a hammer and shall inspect for cracks, both in the
presence of the Contracting Officer's representative, immediately before
completion of the contract, and shall replace any showing drumminess or
cracking. If mortar placed with a mortar gun is used, the gun shall be a
small compressed air-operated gun to which the mortar is slowly hand fed
and which applies the mortar to the surface as a high-pressure stream, as
approved. Repairs made using shotcrete equipment will not be accepted.
The mortar used shall be the same mortar as specified for damp-pack mortar
repair. If gun-placed mortar is used, the edges of the cut shall be
beveled toward the center at a slope of 1:1. All surface applied mortar
repairs shall be continuously moist cured for at least 7 days. Moist
curing shall consist of several layers of saturated burlap applied to the
surface immediately after placement is complete and covered with
polyethylene sheeting, all held closely in place by a sheet of plywood or
similar material rigidly braced against it. Burlap shall be kept
continually wet.

3.8.2.2 Repair of Deep and Large Defects

Deep and large defects will be those that are more than 6 inches deep and
also have an average diameter at the surface more than 18 inches or that
are otherwise so identified by the Project Office. Such defects shall be
repaired as specified herein or directed, except that defects which affect
the strength of the structure shall not be repaired and that portion of the
structure shall be completely removed and replaced. Deep and large defects
shall be repaired by procedures approved in advance including forming and
placing special concrete using applied pressure during hardening.
Preparation of the repair area shall be as specified for surface
application of mortar. In addition, the top edge (surface) of the repair
area shall be sloped at approximately 20 degrees from the horizontal,
upward toward the side from which concrete will be placed. The special
concrete shall be a concrete mixture with low water content and low slump,
and shall be allowed to age 30 to 60 minutes before use. Concrete
containing a specified expanding admixture may be used in lieu of the above
mixture; the paste portion of such concrete mixture shall be designed to
have an expansion between 2.0 and 4.0 percent when tested in accordance
with ASTM C 940. A full width "chimney" shall be provided at the top of
the form on the placing side to ensure filling to the top of the opening.
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A pressure cap shall be used on the concrete in the chimney with
simultaneous tightening and revibrating the form during hardening to ensure
a tight fit for the repair. The form shall be removed after 24 hours and
immediately the chimney shall be carefully chipped away to avoid breaking
concrete out of the repair; the surface of the repair concrete shall be
dressed as required.

3.9 FINISHING UNFORMED SURFACES

The finish of all unformed surfaces shall meet the requirements of
paragraph Tolerances in PART 1, when tested as specified herein.

3.9.1 General

The ambient temperature of spaces adjacent to unformed surfaces being
finished and of the base on which concrete will be placed shall be not less
than 50 degrees F. In hot weather all requirements of paragraphs Hot
Weather Requirements and Prevention of Plastic Shrinkage Cracking shall be
met. Unformed surfaces that are not to be covered by additional concrete
or backfill shall have a float finish, with additional finishing as
specified below, and shall be true to the elevation shown on the drawings.
Surfaces to receive additional concrete or backfill shall be brought to the
elevation shown on the drawings, properly consolidated, and left true and
regular. Unless otherwise shown on the drawings, exterior surfaces shall
be sloped for drainage, as directed. Where drains are provided, interior
floors shall be evenly sloped to the drains. Joints shall be carefully
made with a jointing or edging tool. The finished surfaces shall be
protected from stains or abrasions. Grate tampers or "jitterbugs" shall
not be used for any surfaces. The dusting of surfaces with dry cement or
other materials or the addition of any water during finishing shall not be
permitted. If bleedwater is present prior to finishing, the excess water
shall be carefully dragged off or removed by absorption with porous
materials such as burlap. During finishing operations, extreme care shall
be taken to prevent over finishing or working water into the surface; this
can cause "crazing" (surface shrinkage cracks which appear after hardening)
of the surface. Any slabs with surfaces which exhibit significant crazing
shall be removed and replaced. During finishing operations, surfaces shall
be checked with a 10 foot straightedge, applied in both directions at
regular intervals while the concrete is still plastic, to detect high or
low areas.

3.9.2 Rough Slab Finish

As a first finishing operation for unformed surfaces and as final finish
for slabs to receive mortar setting beds, the surface shall receive a rough
slab finish prepared as follows. The concrete shall be uniformly placed
across the slab area, consolidated as previously specified, and then
screeded with straightedge strikeoffs immediately after consolidation to
bring the surface to the required finish level with no coarse aggregate
visible. Side forms and screed rails shall be provided, rigidly supported,
and set to exact line and grade. Allowable tolerances for finished
surfaces apply only to the hardened concrete, not to forms or screed rails.
Forms and screed rails shall be set true to line and grade. "Wet screeds"

shall not be used.

3.9.3 Floated Finish

Slabs to receive more than a rough slab finish shall next be given a wood
float finish. Use for exterior slabs where not otherwise specified.The
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screeding shall be followed immediately by darbying or bull floating before
bleeding water is present, to bring the surface to a true, even plane.
Then, after the concrete has stiffened so that it will withstand a man's
weight without imprint of more than 1/4 inch and the water sheen has
disappeared, it shall be floated to a true and even plane free of ridges.
Floating shall be performed by use of suitable hand floats or power driven
equipment. Sufficient pressure shall be used on the floats to bring a film
of moisture to the surface. Hand floats shall be made of wood, magnesium,
or aluminum. Care shall be taken to prevent over-finishing or
incorporating water into the surface.

3.9.4 Troweled Finish

Surfaces exposed to view and surfaces to be covered with resilient
flooring, carpet, ceramic or quarry tile, or other thin film-finish coating
system shall be given a trowel finish. After floating is complete and
after the surface moisture has disappeared, unformed surfaces shall be
steel-troweled to a smooth, even, dense finish, free from blemishes
including trowel marks. In lieu of hand finishing, an approved power
finishing machine may be used in accordance with the directions of the
machine manufacturer. Additional trowelings shall be performed, either by
hand or machine until the surface has been troweled 2 times, with waiting
period between each. Care shall be taken to prevent blistering and if such
occurs, troweling shall immediately be stopped and operations and surfaces
corrected. A final hard steel troweling shall be done by hand, with the
trowel tipped, and using hard pressure, when the surface is at a point that
the trowel will produce a ringing sound. The finished surface shall be
thoroughly consolidated and shall be essentially free of trowel marks and
be uniform in texture and appearance. The concrete mixture used for
troweled finished areas shall be adjusted, if necessary, in order to
provide sufficient fines (cementitious material and fine sand) to finish
properly.

3.9.5 Broomed Finish

Exterior concrete platforms, slabs, steps, ramps, and elsewhere as indicated
shall be given a broomed finish. After floating, the surface shall be

lightly steel troweled, and then carefully scored by pulling a coarse fiber
push-type broom across the surface. Brooming shall be transverse to
traffic or at right angles to the slope of the slab. After the end of the
curing period, the surface shall be vigorously broomed with a coarse fiber
broom to remove all loose or semi-detached particles. The Contractor shall
provide a sample panel of the broomed finish for approval by the
Contracting Officer. The sample panel will establish the acceptable
criteria upon which all broomed finishes shall match.

3.10 FLOOR HARDENER

All interior exposed concrete floors not receiving a floor covering shall
be treated with floor hardener. Floor hardener shall be applied after the
concrete has been cured and then air dried for 14 days. Three coats shall
be applied, each the day after the preceding coat was applied. For the
first application, one pound of the silocofluoride shall be dissolved in
one gallon of water. For subsequent applications, the solution shall be
two pounds of silicofluoride to each gallon of water. Floor should be
mopped with clear water shortly after the preceding application has dried
to remove encrusted salts. Proprietary hardeners shall be applied in
accordance with the manufacturer's instructions. During application, area
should be well ventilated. Precautions shall be taken when applying
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silicofluorides due to the toxicity of the salts. Any compound that
contacts glass or aluminum should be immediately removed with clear water.

3.11 EXTERIOR SLAB AND RELATED ITEMS

3.11.1 Pavements

Pavements shall be constructed where shown on the drawings. After forms
are set and underlying material prepared as specified, the concrete shall
be placed uniformly throughout the area and thoroughly vibrated. As soon
as placed and vibrated, the concrete shall be struck off and screeded to
the crown and cross section and to such elevation above grade that when
consolidated and finished, the surface of the pavement will be at the
required elevation. The entire surface shall be tamped with the strike
off, or consolidated with a vibrating screed, and this operation continued
until the required compaction and reduction of internal and surface voids
are accomplished. Care shall be taken to prevent bringing excess paste to
the surface. Immediately following the final consolidation of the surface,
the pavement shall be floated longitudinally from bridges resting on the
side forms and spanning but not touching the concrete. If necessary,
additional concrete shall be placed and screeded, and the float operated
until a satisfactory surface has been produced. The floating operation
shall be advanced not more than half the length of the float and then
continued over the new and previously floated surfaces. After finishing is
completed but while the concrete is still plastic, minor irregularities and
score marks in the pavement surface shall be eliminated by means of
long-handled cutting straightedges. Straightedges shall be 12 feet in
length and shall be operated from the sides of the pavement and from
bridges. A straightedge operated from the side of the pavement shall be
equipped with a handle 3 feet longer than one-half the width of the
pavement. The surface shall then be tested for trueness with a 12 foot
straightedge held in successive positions parallel and at right angles to
the center line of the pavement, and the whole area covered as necessary to
detect variations. The straightedge shall be advanced along the pavement
in successive stages of not more than one-half the length of the
straightedge. Depressions shall be immediately filled with freshly mixed
concrete, struck off, consolidated, and refinished. Projections above the
required elevation shall also be struck off and refinished. The
straightedge testing and finishing shall continue until the entire surface
of the concrete is true. Before the surface sheen has disappeared and well
before the concrete becomes nonplastic, the surface of the pavement shall
be given a nonslip sandy surface texture by use of a burlap drag. A strip
of clean, wet burlap from 3 to 5 feet wide and 2 feet longer than the
pavement width shall be carefully pulled across the surface. Edges and
joints shall be rounded with an edger having a radius of 1/8 inch. Curing
shall be as specified.

3.11.2 Sidewalks

For sidewalks refer to specification section 02770a, "Concrete Sidewalks
and Curbs and Gutters.".

3.11.3 Curbs and Gutters

For curbs and gutters refer to specification section 02770a, "Concrete
Sidewalks and Curbs and Gutters."

3.11.4 Pits and Trenches
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Pits and trenches shall be constructed as indicated on the drawings.
Bottoms and walls shall be placed monolithically or waterstops and keys,
shall be provided as approved.

3.12 CURING AND PROTECTION

3.12.1 General

Concrete shall be cured by an approved method for the period of time given
below:

All concrete 7 days

Immediately after placement, concrete shall be protected from premature
drying, extremes in temperatures, rapid temperature change, mechanical
injury and damage from rain and flowing water for the duration of the
curing period. Air and forms in contact with concrete shall be maintained
at a temperature above 50 degrees F for the first 3 days and at a
temperature above 32 degrees F for the remainder of the specified curing
period. Exhaust fumes from combustion heating units shall be vented to the
outside of the enclosure, and heaters and ducts shall be placed and
directed so as not to cause areas of overheating and drying of concrete
surfaces or to create fire hazards. Materials and equipment needed for
adequate curing and protection shall be available and at the site prior to
placing concrete. No fire or excessive heat, including welding, shall be
permitted near or in direct contact with the concrete at any time. Except
as otherwise permitted by paragraph Membrane Forming Curing Compounds,
moist curing shall be provided for any areas to receive floor hardener, any
paint or other applied coating, or to which other concrete is to be bonded.
Concrete containing silica fume shall be initially cured by fog misting

during finishing, followed immediately by continuous moist curing. Except
for plastic coated burlap, impervious sheeting alone shall not be used for
curing.

3.12.2 Moist Curing

Concrete to be moist-cured shall be maintained continuously wet for the
entire curing period, commencing immediately after finishing. If water or
curing materials used stain or discolor concrete surfaces which are to be
permanently exposed, the concrete surfaces shall be cleaned as approved.
When wooden forms are left in place during curing, they shall be kept wet
at all times. If steel forms are used in hot weather, nonsupporting
vertical forms shall be broken loose from the concrete soon after the
concrete hardens and curing water continually applied in this void. If the
forms are removed before the end of the curing period, curing shall be
carried out as on unformed surfaces, using suitable materials. Surfaces
shall be cured by ponding, by continuous sprinkling, by continuously
saturated burlap or cotton mats, or by continuously saturated plastic
coated burlap. Burlap and mats shall be clean and free from any
contamination and shall be completely saturated before being placed on the
concrete. The Contractor shall have an approved work system to ensure that
moist curing is continuous 24 hours per day.

3.12.3 Membrane Forming Curing Compounds

Membrane curing shall not be used on surfaces that are to receive any
subsequent treatment depending on adhesion or bonding to the concrete,
including surfaces to which a smooth finish is to be applied or other
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concrete to be bonded, or on any exposed to view concrete surfaces.
However, a styrene acrylate or chlorinated rubber compound meeting ASTM C
309, Class B requirements, may be used for surfaces which are to be painted
or are to receive bituminous roofing or waterproofing, or floors that are
to receive adhesive applications of resilient flooring. The curing
compound selected shall be compatible with any subsequent paint, roofing,
waterproofing or flooring specified. Membrane curing compound shall not be
used on surfaces that are maintained at curing temperatures with free
steam. Curing compound shall be applied to formed surfaces immediately
after the forms are removed and prior to any patching or other surface
treatment except the cleaning of loose sand, mortar, and debris from the
surface. All surfaces shall be thoroughly moistened with water. Curing
compound shall be applied to slab surfaces as soon as the bleeding water
has disappeared, with the tops of joints being temporarily sealed to
prevent entry of the compound and to prevent moisture loss during the
curing period. The curing compound shall be applied in a two-coat
continuous operation by approved motorized power-spraying equipment
operating at a minimum pressure of 75 psi, at a uniform coverage of not
more than 400 square feet per gallon for each coat, and the second coat
shall be applied perpendicular to the first coat. Concrete surfaces which
have been subjected to rainfall within 3 hours after curing compound has
been applied shall be resprayed by the method and at the coverage
specified. Surfaces on which clear compound is used shall be shaded from
direct rays of the sun for the first 3 days. Surfaces coated with curing
compound shall be kept free of foot and vehicular traffic, and from other
sources of abrasion and contamination during the curing period.

3.12.4 Impervious Sheeting

Impervious-sheet curing shall only be used on horizontal or nearly
horizontal surfaces. Surfaces shall be thoroughly wetted and be completely
covered with the sheeting. Sheeting shall be at least 18 inches wider than
the concrete surface to be covered. Covering shall be laid with
light-colored side up. Covering shall be lapped not less than 12 inches
and securely weighted down or shall be lapped not less than 4 inches and
taped to form a continuous cover with completely closed joints. The sheet
shall be weighted to prevent displacement so that it remains in contact
with the concrete during the specified length of curing. Coverings shall
be folded down over exposed edges of slabs and secured by approved means.
Sheets shall be immediately repaired or replaced if tears or holes appear
during the curing period.

3.12.5 Ponding or Immersion

Concrete shall be continually immersed throughout the curing period. Water
shall not be more than 20 degrees F less than the temperature of the
concrete.

3.12.6 Cold Weather Curing and Protection

When the daily ambient low temperature is less than 32 degrees F the
temperature of the concrete shall be maintained above 40 degrees F for the
first seven days after placing. During the period of protection removal,
the air temperature adjacent to the concrete surfaces shall be controlled
so that concrete near the surface will not be subjected to a temperature
differential of more than 25 degrees F as determined by suitable
temperature measuring devices furnished by the Government, as required, and
installed adjacent to the concrete surface and 2 inches inside the surface
of the concrete. The installation of the thermometers shall be made by the
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Contractor as directed.

3.13 SETTING BASE PLATES AND BEARING PLATES

After being properly positioned, column base plates, bearing plates for
beams and similar structural members, and machinery and equipment base
plates shall be set to the proper line and elevation with damp-pack bedding
mortar, except where nonshrink grout is indicated. The thickness of the
mortar or grout shall be approximately 1/24 the width of the plate, but not
less than 3/4 inch. Concrete and metal surfaces in contact with grout
shall be clean and free of oil and grease, and concrete surfaces in contact
with grout shall be damp and free of laitance when grout is placed.
Nonshrink grout shall be used for column base plates.

3.13.1 Damp-Pack Bedding Mortar

Damp-pack bedding mortar shall consist of 1 part cement and 2-1/2 parts
fine aggregate having water content such that a mass of mortar tightly
squeezed in the hand will retain its shape but will crumble when disturbed.
The space between the top of the concrete and bottom of the bearing plate

or base shall be packed with the bedding mortar by tamping or ramming with
a bar or rod until it is completely filled.

3.13.2 Nonshrink Grout

Nonshrink grout shall be a ready-mixed material requiring only the addition
of water. Water content shall be the minimum that will provide a flowable
mixture and completely fill the space to be grouted without segregation,
bleeding, or reduction of strength.

3.13.2.1 Mixing and Placing of Nonshrink Grout

Mixing and placing shall be in conformance with the material manufacturer's
instructions and as specified therein. Ingredients shall be thoroughly
dry-mixed before adding water. After adding water, the batch shall be
mixed for 3 minutes. Batches shall be of size to allow continuous
placement of freshly mixed grout. Grout not used within 30 minutes after
mixing shall be discarded. The space between the top of the concrete or
machinery-bearing surface and the plate shall be filled solid with the
grout. Forms shall be of wood or other equally suitable material for
completely retaining the grout on all sides and on top and shall be removed
after the grout has set. The placed grout shall be carefully worked by
rodding or other means to eliminate voids; however, overworking and
breakdown of the initial set shall be avoided. Grout shall not be
retempered or subjected to vibration from any source. Where clearances are
unusually small, placement shall be under pressure with a grout pump.
Temperature of the grout, and of surfaces receiving the grout, shall be
maintained at 65 to 85 degrees F until after setting.

3.13.2.2 Treatment of Exposed Surfaces

For metal-oxidizing nonshrink grout, exposed surfaces shall be cut back 1
inch and immediately covered with a parge coat of mortar consisting of 1
part portland cement and 2-1/2 parts fine aggregate by weight, with
sufficient water to make a plastic mixture. The parge coat shall have a
smooth finish. For other mortars or grouts, exposed surfaces shall have a
smooth-dense finish and be left untreated. Curing shall comply with
paragraph CURING AND PROTECTION.
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3.14 TESTING AND INSPECTION FOR CONTRACTOR QUALITY CONTROL

The Contractor shall perform the inspection and tests described below and,
based upon the results of these inspections and tests, shall take the
action required and shall submit specified reports. When, in the opinion
of the Contracting Officer, the concreting operation is out of control,
concrete placement shall cease and the operation shall be corrected. The
laboratory performing the tests shall be onsite and shall conform with ASTM
C 1077. Materials may be subjected to check testing by the Government from
samples obtained at the manufacturer, at transfer points, or at the project
site. The Government will inspect the laboratory, equipment, and test
procedures prior to start of concreting operations and at least once per
quarter thereafter for conformance with ASTM C 1077.

3.14.1 Grading and Corrective Action

3.14.1.1 Fine Aggregate

At least once during each shift when the concrete plant is operating, there
shall be one sieve analysis and fineness modulus determination in
accordance with ASTM C 136 and COE CRD-C 104 for the fine aggregate or for
each fine aggregate if it is batched in more than one size or
classification. The location at which samples are taken may be selected by
the Contractor as the most advantageous for control. However, the
Contractor is responsible for delivering fine aggregate to the mixer within
specification limits. When the amount passing on any sieve is outside the
specification limits, the fine aggregate shall be immediately resampled and
retested. If there is another failure on any sieve, the fact shall
immediately reported to the Contracting Officer, concreting shall be
stopped, and immediate steps taken to correct the grading.

3.14.1.2 Coarse Aggregate

At least once during each shift in which the concrete plant is operating,
there shall be a sieve analysis in accordance with ASTM C 136 for each size
of coarse aggregate. The location at which samples are taken may be
selected by the Contractor as the most advantageous for production control.
However, the Contractor shall be responsible for delivering the aggregate

to the mixer within specification limits. A test record of samples of
aggregate taken at the same locations shall show the results of the current
test as well as the average results of the five most recent tests including
the current test. The Contractor may adopt limits for control coarser than
the specification limits for samples taken other than as delivered to the
mixer to allow for degradation during handling. When the amount passing
any sieve is outside the specification limits, the coarse aggregate shall
be immediately resampled and retested. If the second sample fails on any
sieve, that fact shall be reported to the Contracting Officer. Where two
consecutive averages of 5 tests are outside specification limits, the
operation shall be considered out of control and shall be reported to the
Contracting Officer. Concreting shall be stopped and immediate steps shall
be taken to correct the grading.

3.14.2 Quality of Aggregates

Thirty days prior to the start of concrete placement, the Contractor shall
perform all tests for aggregate quality required by ASTM C 33. In
addition, after the start of concrete placement, the Contractor shall
perform tests for aggregate quality at least every three months, and when
the source of aggregate or aggregate quality changes. Samples tested after
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the start of concrete placement shall be taken immediately prior to
entering the concrete mixer.

3.14.3 Scales, Batching and Recording

The accuracy of the scales shall be checked by test weights prior to start
of concrete operations and at least once every three months. Such tests
shall also be made as directed whenever there are variations in properties
of the fresh concrete that could result from batching errors. Once a week
the accuracy of each batching and recording device shall be checked during
a weighing operation by noting and recording the required weight, recorded
weight, and the actual weight batched. At the same time, the Contractor
shall test and ensure that the devices for dispensing admixtures are
operating properly and accurately. When either the weighing accuracy or
batching accuracy does not comply with specification requirements, the
plant shall not be operated until necessary adjustments or repairs have
been made. Discrepancies in recording accuracies shall be corrected
immediately.

3.14.4 Batch-Plant Control

The measurement of concrete materials including cementitious materials,
each size of aggregate, water, and admixtures shall be continuously
controlled. The aggregate weights and amount of added water shall be
adjusted as necessary to compensate for free moisture in the aggregates.
The amount of air-entraining agent shall be adjusted to control air content
within specified limits. A report shall be prepared indicating type and
source of cement used, type and source of pozzolan or slag used, amount and
source of admixtures used, aggregate source, the required aggregate and
water weights per cubic yard, amount of water as free moisture in each size
of aggregate, and the batch aggregate and water weights per cubic yard for
each class of concrete batched during each day's plant operation.

3.14.5 Concrete Mixture

a. Air Content Testing. Air content tests shall be made when test
specimens are fabricated. In addition, at least two tests for air
content shall be made on randomly selected batches of each separate
concrete mixture produced during each 8-hour period of concrete
production. Additional tests shall be made when excessive
variation in workability is reported by the placing foreman or
Government inspector. Tests shall be made in accordance with ASTM
C 231 for normal weight concrete and ASTM C 173 for lightweight
concrete. Test results shall be plotted on control charts which
shall at all times be readily available to the Government and shall
be submitted weekly. Copies of the current control charts shall be
kept in the field by testing crews and results plotted as tests are
made. When a single test result reaches either the upper or lower
action limit, a second test shall immediately be made. The results
of the two tests shall be averaged and this average used as the air
content of the batch to plot on both the air content and the
control chart for range, and for determining need for any remedial
action. The result of each test, or average as noted in the
previous sentence, shall be plotted on a separate control chart for
each mixture on which an "average line" is set at the midpoint of
the specified air content range from paragraph Air Entrainment. An
upper warning limit and a lower warning limit line shall be set 1.0
percentage point above and below the average line, respectively.
An upper action limit and a lower action limit line shall be set
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1.5 percentage points above and below the average line,
respectively. The range between each two consecutive tests shall
be plotted on a secondary control chart for range where an upper
warning limit is set at 2.0 percentage points and an upper action
limit is set at 3.0 percentage points. Samples for air content may
be taken at the mixer, however, the Contractor is responsible for
delivering the concrete to the placement site at the stipulated air
content. If the Contractor's materials or transportation methods
cause air content loss between the mixer and the placement,
correlation samples shall be taken at the placement site as
required by the Contracting Officer, and the air content at the
mixer controlled as directed.

b. Air Content Corrective Action. Whenever points on the control
chart for percent air reach either warning limit, an adjustment
shall immediately be made in the amount of air-entraining admixture
batched. As soon as practical after each adjustment, another test
shall be made to verify the result of the adjustment. Whenever a
point on the secondary control chart for range reaches the warning
limit, the admixture dispenser shall be recalibrated to ensure that
it is operating accurately and with good reproducibility. Whenever
a point on either control chart reaches an action limit line, the
air content shall be considered out of control and the concreting
operation shall immediately be halted until the air content is
under control. Additional air content tests shall be made when
concreting is restarted.

c. Slump Testing. In addition to slump tests which shall be made when
test specimens are fabricated, at least four slump tests shall be
made on randomly selected batches in accordance with ASTM C 143/C
143M for each separate concrete mixture produced during each 8-hour
or less period of concrete production each day. Also, additional
tests shall be made when excessive variation in workability is
reported by the placing foreman or Government inspector. Test
results shall be plotted on control charts which shall at all times
be readily available to the Government and shall be submitted
weekly. Copies of the current control charts shall be kept in the
field by testing crews and results plotted as tests are made. When
a single slump test reaches or goes beyond either the upper or
lower action limit, a second test shall immediately be made. The
results of the two tests shall be averaged and this average used as
the slump of the batch to plot on both the control charts for slump
and the chart for range, and for determining need for any remedial
action. Limits shall be set on separate control charts for slump
for each type of mixture. The upper warning limit shall be set at
1/2 inch below the maximum allowable slump specified in paragraph
Slump in PART 1 for each type of concrete and an upper action limit
line and lower action limit line shall be set at the maximum and
minimum allowable slumps, respectively, as specified in the same
paragraph. The range between each consecutive slump test for each
type of mixture shall be plotted on a single control chart for
range on which an upper action limit is set at 2 inches. Samples
for slump shall be taken at the mixer. However, the Contractor is
responsible for delivering the concrete to the placement site at
the stipulated slump. If the Contractor's materials or
transportation methods cause slump loss between the mixer and the
placement, correlation samples shall be taken at the placement site
as required by the Contracting Officer, and the slump at the mixer
controlled as directed.
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d. Slump Corrective Action. Whenever points on the control charts for
slump reach the upper warning limit, an adjustment shall
immediately be made in the batch weights of water and fine
aggregate. The adjustments are to be made so that the total water
content does not exceed that amount allowed by the maximum w/c
ratio specified, based on aggregates which are in a saturated
surface dry condition. When a single slump reaches the upper or
lower action limit, no further concrete shall be delivered to the
placing site until proper adjustments have been made. Immediately
after each adjustment, another test shall be made to verify the
correctness of the adjustment. Whenever two consecutive individual
slump tests, made during a period when there was no adjustment of
batch weights, produce a point on the control chart for range at or
above the upper action limit, the concreting operation shall
immediately be halted, and the Contractor shall take appropriate
steps to bring the slump under control. Additional slump tests
shall be made as directed.

e. Temperature. The temperature of the concrete shall be measured
when compressive strength specimens are fabricated. Measurement
shall be in accordance with ASTM C 1064/C 1064M. The temperature
shall be reported along with the compressive strength data.

f. Strength Specimens. At least one set of test specimens shall be
made, for compressive or flexural strength as appropriate, on each
different concrete mixture placed during the day for each 500 cubic
yards or portion thereof of that concrete mixture placed each day.
Additional sets of test specimens shall be made, as directed by the
Contracting Officer, when the mixture proportions are changed or
when low strengths have been detected. A truly random (not
haphazard) sampling plan shall be developed by the Contractor and
approved by the Contracting Officer prior to the start of
construction. The plan shall assure that sampling is done in a
completely random and unbiased manner. A set of test specimens for
concrete with a 28-day specified strength per paragraph Strength
Requirements in PART 1 shall consist of four specimens, two to be
tested at 7 days and two at 28 days. Test specimens shall be
molded and cured in accordance with ASTM C 31/C 31M and tested in
accordance with ASTM C 39/C 39M for test cylinders and ASTM C 78
for test beams. Results of all strength tests shall be reported
immediately to the Contracting Officer. Quality control charts
shall be kept for individual strength "tests", ("test" as defined
in paragraph Strength Requirements in PART 1) moving average of
last 3 "tests" for strength, and moving average for range for the
last 3 "tests" for each mixture. The charts shall be similar to
those found in ACI 214.3R. Samples of concrete that is conveyed by
belt conveyors or pumps, as specified in the paragraph titled
"Conveying Concrete on Site," shall be taken at the discharge end
of the conveying equipment.

3.14.6 Inspection Before Placing

Foundations, construction joints, forms, and embedded items shall be
inspected by the Contractor in sufficient time prior to each concrete
placement in order to certify to the Contracting Officer that they are
ready to receive concrete. The results of each inspection shall be
reported in writing.
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3.14.7 Placing

The placing foreman shall supervise placing operations, shall determine
that the correct quality of concrete or grout is placed in each location as
specified and as directed by the Contracting Officer, and shall be
responsible for measuring and recording concrete temperatures and ambient
temperature hourly during placing operations, weather conditions, time of
placement, volume placed, and method of placement. The placing foreman
shall not permit batching and placing to begin until it has been verified
that an adequate number of vibrators in working order and with competent
operators are available. Placing shall not be continued if any pile of
concrete is inadequately consolidated. If any batch of concrete fails to
meet the temperature requirements, immediate steps shall be taken to
improve temperature controls.

3.14.8 Vibrators

The frequency and amplitude of each vibrator shall be determined in
accordance with COE CRD-C 521 prior to initial use and at least once a
month when concrete is being placed. Additional tests shall be made as
directed when a vibrator does not appear to be adequately consolidating the
concrete. The frequency shall be determined while the vibrator is
operating in concrete with the tachometer being held against the upper end
of the vibrator head while almost submerged and just before the vibrator is
withdrawn from the concrete. The amplitude shall be determined with the
head vibrating in air. Two measurements shall be taken, one near the tip
and another near the upper end of the vibrator head, and these results
averaged. The make, model, type, and size of the vibrator and frequency
and amplitude results shall be reported in writing. Any vibrator not
meeting the requirements of paragraph Consolidation, shall be immediately
removed from service and repaired or replaced.

3.14.9 Curing Inspection

a. Moist Curing Inspections. At least once each shift, and not less
than twice per day on both work and non-work days, an inspection
shall be made of all areas subject to moist curing. The surface
moisture condition shall be noted and recorded.

b. Moist Curing Corrective Action. When a daily inspection report
lists an area of inadequate curing, immediate corrective action
shall be taken, and the required curing period for those areas
shall be extended by 1 day.

c. Membrane Curing Inspection. No curing compound shall be applied
until the Contractor has verified that the compound is properly
mixed and ready for spraying. At the end of each operation, the
Contractor shall estimate the quantity of compound used by
measurement of the container and the area of concrete surface
covered, shall compute the rate of coverage in square feet per
gallon, and shall note whether or not coverage is uniform.

d. Membrane Curing Corrective Action. When the coverage rate of the
curing compound is less than that specified or when the coverage is
not uniform, the entire surface shall be sprayed again.

e. Sheet Curing Inspection. At least once each shift and once per day
on non-work days, an inspection shall be made of all areas being
cured using impervious sheets. The condition of the covering and
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the tightness of the laps and tapes shall be noted and recorded.

f. Sheet Curing Corrective Action. When a daily inspection report
lists any tears, holes, or laps or joints that are not completely
closed, the tears and holes shall promptly be repaired or the
sheets replaced, the joints closed, and the required curing period
for those areas shall be extended by 1 day.

3.14.10 Cold-Weather Protection

At least once each shift and once per day on non-work days, an inspection
shall be made of all areas subject to cold-weather protection. Any
deficiencies shall be noted, corrected, and reported.

3.14.11 Mixer Uniformity

a. Stationary Mixers. Prior to the start of concrete placing and once
every 6 months when concrete is being placed, or once for every
75,000 cubic yards of concrete placed, whichever results in the
shortest time interval, uniformity of concrete mixing shall be
determined in accordance with ASTM C 94/C 94M.

b. Truck Mixers. Prior to the start of concrete placing and at least
once every 6 months when concrete is being placed, uniformity of
concrete mixing shall be determined in accordance with ASTM C 94/C
94M. The truck mixers shall be selected randomly for testing.
When satisfactory performance is found in one truck mixer, the
performance of mixers of substantially the same design and
condition of the blades may be regarded as satisfactory.

c. Mixer Uniformity Corrective Action. When a mixer fails to meet
mixer uniformity requirements, either the mixing time shall be
increased, batching sequence changed, batch size reduced, or
adjustments shall be made to the mixer until compliance is achieved.

3.14.12 Reports

All results of tests or inspections conducted shall be reported informally
as they are completed and in writing daily. A weekly report shall be
prepared for the updating of control charts covering the entire period from
the start of the construction season through the current week. During
periods of cold-weather protection, reports of pertinent temperatures shall
be made daily. These requirements do not relieve the Contractor of the
obligation to report certain failures immediately as required in preceding
paragraphs. Such reports of failures and the action taken shall be
confirmed in writing in the routine reports. The Contracting Officer has
the right to examine all contractor quality control records.

-- End of Section --
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SECTION 10270A

RAISED ACCESS FLOOR (RAF) SYSTEM
01/97

PART 1 GENERAL

1.1 REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only.

CEILINGS & INTERIOR SYSTEMS CONTRACTORS ASSOCIATION (CISCA)

CISCA Access Floors (1987) Recommended Test Procedures for
Access Floors

INTERNATIONAL CONFERENCE OF BUILDING OFFICIALS (ICBO)

ICBO Building Code (1997) Uniform Building Code (3 Vol.)

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA LD 3 (1995) High-Pressure Decorative Laminates

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 75 (1999) Protection of Electronic
Computer/Data Processing Equipment

NFPA 99 (1999) Health Care Facilities

1.2 SYSTEM DESCRIPTION

Raised access flooring shall be installed at the location and elevation and
in the arrangement shown on the drawings. The floor system shall be of the
bolted stringer type, complete with all supplemental items, and shall be
the standard product of a manufacturer specializing in the manufacture of
raised access floor systems. See Section 16415 ELECTRICAL WORK, INTERIOR
for additional materials to be supplied by electrical contractor for raised
access floor manufacturer to install.

1.2.1 Floor Panels

Floor panel testing shall be conducted in accordance with CISCA Access
Floors. When tested as specified, all deflection and deformation
measurements shall be made at the point of load application on the top
surface of the panel. Floor panels shall be capable of supporting 1250
pounds concentrated load without deflecting more than 0.080 inch and
without permanent deformation in excess of 0.010 inch in any of the
specified tests. Floor panels shall be capable of supporting 350 pounds
per square foot uniform live load without deflection more than 0.040 inch.
Floor panels shall be capable of supporting 800 pounds rolling load

without deflecting more than 0.040 inch and without permanent deformation
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in excess of 0.020 inch. In accordance with CISCA Access Floors, the
permanent deformation limit under rolling load shall be satisfied in all of
the specified tests. In the specified tests, the permanent deformation
shall be measured after 10 passes with Wheel 1 and after 10,000 passes with
Wheel 2.

1.2.2 Stringers

Stringers shall be capable of supporting a 250 pound concentrated load at
midspan without permanent deformation in excess of 0.010 inch.

1.2.3 Pedestals

Pedestals shall be capable of supporting a 5000 pound axial load without
permanent deformation.

1.2.4 Pedestal Adhesive

Adhesive shall be capable of securing a pedestal in place with sufficient
bonding strength to resist an overturning force of 1000 inch pounds.

1.2.5 Bond Strength of Factory Installed Floor Covering

Bond strength of floor covering shall be sufficient to permit handling of
the panels by use of the panel lifting device, and to withstand moving
caster loads up to 1000 pounds, without separation of the covering from
the panel.

1.2.6 Leakage

When the space below the finished floor is to be an air plenum, air leakage
through the joints between panels and around the perimeter of the floor
system shall not exceed 0.1 cubic foot of air per minute per linear foot
of joint subjected to 0.1 inch, water gauge, positive pressure in the
plenum.

1.2.7 Grounding

The raised access floor system shall be grounded for safety hazard and
static suppression.

1.3 SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only. When
used, a designation following the "G" designation identifies the office
that will review the submittal for the Government. The following shall be
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Raised Access Floor System; G

Drawings showing layout of the work, sizes and details of
components, details at floor perimeter, bracing to resist seismic
or other lateral loads, typical cutout details including size and
shape limitation, method of grounding, description of shop coating,
and installation height above structural floor.
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SD-03 Product Data

Raised Access Floor System; G

Manufacturer's descriptive data, catalog cuts, and installation
instructions. The data shall include information about any design
and production techniques, procedures and policies used to conserve
energy, reduce material, improve waste management or incorporate
green building/recycled products into the manufacturer of their
components or products. Cleaning and maintenance instructions
shall be included. Design calculations which demonstrate that the
proposed floor system meets requirements for seismic loading,
prepared in accordance with subparagraph Underfloor Bracing under
paragraph PANEL SUPPORT SYSTEM and ICBO Building Code. Certified
copies of test reports may be submitted in lieu of calculations.

SD-04 Samples

Raised Access Floor System; G

One sample of each panel type and suspension system proposed for
use.

SD-06 Test Reports

Tests; G
Testing of Electrical Resistance; G

Certified copies of test reports from an approved testing
laboratory, attesting that the proposed floor system components
meet the performance requirements specified.

SD-07 Certificates

Raised Access Floor System

Certificate of compliance attesting that the raised access floor
system meets specification requirements.

1.4 DELIVERY, STORAGE, AND HANDLING

Materials shall be stored in original protective packaging in a safe, dry,
and clean location and shall be handled in a manner to prevent damage.
Panels shall be stored at temperatures between 40 and 90 degrees F, and
between 20 percent and 70 percent humidity.

1.5 EXTRA MATERIALS

Spare floor panels, spare complete pedestal assemblies, and spare stringers
shall be furnished at the rate of one panel for each 750 or fraction
thereof required except a minimum of 10 each shall be provided for each
plastic laminate, perforated plastic laminate and carpet type with
electrical box cutout. Provide ten additional electrical boxes and ten of
every type device plates.

1.6 OPERATION AND MAINTENANCE MANUALS

Provide maintenance instructions for proper care of the floor panel
surface. When conductive flooring is specified, require submittal of
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maintenance instructions to identify special cleaning and maintenance
requirements to maintain "conductivity" properties of the panel finish.

PART 2 PRODUCTS

2.1 FLOOR PANELS

2.1.1 Panel Construction

Except for edge panels, panel size shall be 24 by 24 inches. Finished
panels shall be within a 0.010 inch tolerance of the nominal size, and
shall be square within a tolerance of 0.015 inch measured
corner-to-corner. The top surface of panels shall be flat within a 0.020
inchtolerance measured corner-to-corner. Panels shall be permanently
marked to indicate load rating and model number.

2.1.1.1 Hollow Formed Steel Panels (For Plastic Laminate and Plastic
Laminate Perforated Panels)

Steel panels shall be of die-formed construction, consisting of a flat
steel top sheet welded to one or more formed steel stiffener sheets.
Panels shall be chemically cleaned, bonderized, and painted with the
manufacturer's standard finish.

2.1.1.2 Metal-Clad Cementitious Fill Panel (Composite Panels) (For Carpet
Surfaced Panels)

Composite panels shall be of die-formed steel construction totally
enclosing the panel, including the top surface. The void spaces between
the top sheet and the formed steel bottom sheet shall be completely filled
with an incombustible cementitious or concrete material. All cuts into
panel shall be sealed or wrapped to prevent dusting of plenum areas.

2.1.2 Floor Covering

Floor panels shall be surfaced with materials firmly bonded in place with
waterproof adhesive. Carpet shall be supplied by carpet tile supplier to
raised access floor manufacturer; see carpet tile specified in Section
09685N CARPET TILE. Bolt heads or similar attachments shall not rise above
the traffic surface.

2.1.2.1 High Pressure Laminate

High pressure laminate surfacing shall conform to NEMA LD 3, Grade HW 62.
Total system electrical resistivity from the wearing surface of the floor
to the ground connection shall be between 150,000 ohms and 20,000,000,000
ohms.

2.1.2.2 Carpet

Carpet surfacing shall be factory installed using one full carpet square
per panel. Carpet shall be as supplied by carpet tile manufacturer
specified in Section 09685N CARPET TILE.

2.1.3 Edge Strip

Panels shall be edged with extruded vinyl edge strips secured in place with
mechanical interlock or adhesive bond, or shall be of a replaceable type.
Top of strip shall be approximately 1/8 inch wide, and shall be flush with
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the floor surfacing.

2.1.4 Accessories

Perforated panels and plenum dividers shall be provided where indicated,
and shall be the manufacturer's standard type. Perforated panels shall be
designed to support the same static loads as floor panels without
structural failure, and shall be capable of delivering the air volumes
indicated. Perforated panels shall be 25 percent open area and shall be
equipped with adjustable dampers.

2.1.5 Resilient Base

Resilient base is specified in Section 09650A RESILIENT FLOORING.

2.1.6 Lifting Device

Provide four lifting devices for each type floor panel provided that is
standard with the floor manufacturer.

2.1.7 Electrical Boxes

Electrical floor boxes shall be Maxcess Technologies, Inc. Model EB30 or
equal consisting of a minimum 2 mm galvanized steel box and a hinged high
impact plastic lid with recess for carpet installation. On lifting edge of
lid, serrations shall be provided for exposed wiring to pass through lid
when lid is in closed position.

2.2 PANEL SUPPORT SYSTEM

2.2.1 Pedestals

Pedestals shall be of galvanized steel. Pedestal base plates shall provide
a minimum of 16 square inches of bearing surface and shall be a minimum of
1/8 inch thick at 2 feet - 0 inches high raised access flooring. Provide

25 square inch bearing surface at pedestals supporting the 3 feet - 6 inch
high raised access flooring. Pedestal shafts shall be threaded to permit
height adjustment within a range of approximately 2 inches, to permit
overall floor adjustment within plus or minus 0.10 inch of the required
elevation, and to permit leveling of the finished floor surface within
0.062 inch in 10 feet in all directions. Locking devices shall be provided
to positively lock the final pedestal vertical adjustments in place.
Pedestal caps shall interlock by bolting with stringers to preclude tilting
or rocking of the panels.

2.2.2 Bolted Stringers

Bolted stringers shall be of rolled steel and shall interlock with the
pedestal heads to prevent lateral movement.

2.3 FASCIA

Aluminum or steel fascia plates shall be provided at open ends of floor, at
sides of ramps and steps, and elsewhere as required to enclose the free
area under the raised floor. Steel plates shall have a factory applied
baked enamel finish. Finish on aluminum plates shall be as standard with
the floor system manufacturer. Fascia plates shall be reinforced on the
back, and shall be supported using the manufacturer's standard lateral
bracing at maximum 4 feet on center. Trim, angles, and fasteners shall be
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provided as required.

2.4 STEPS

Steps shall be securely fastened to the raised access floor system and to
the structural floor. Construction shall include standard floor system
components and custom components as required, and shall include all
supports, fasteners, and trim necessary for a finished installation. Step
nosings, and threshold strips shall be cast or extruded aluminum with
nonslip traffic surfaces.

2.4.1 Steps

Height of risers shall not exceed 7 inches. Steps shall be designed to
support a uniform load of 150 pounds per square foot. Treads shall be
surfaced with the manufacturer's standard nonslip floor finish.

2.5 RAILINGS

Railings shall be the double rail and post type, fabricated of at least 1
-1/2 inch round o.d. railings and 1-3/4 inch o.d. posts with a satin
natural anodized finish. Square minimum 1-1/2 inch seamless aluminum
tubing may be used for posts in lieu of round. At steps, the top rail
shall be approximately 36 inches high and parallel to the incline. The
top rail shall be 42 inches high at open ends of the floor. Guardrails
shall have intermediate rails or an ornamental pattern such that a sphere
4 inches in diameter cannot pass thru.

2.6 TESTS

Raised access flooring shall be factory tested by an independent laboratory
at the same position and maximum design elevation and in the same
arrangement as shown on the drawings for installation so as to duplicate
service conditions as much as possible.

2.6.1 Load Tests

Floor panel, stringer, and pedestal testing shall be conducted in
accordance with CISCA Access Floors.

2.7 Test for Bond Strength of Factory Installed Floor Covering

The test panel shall be supported on pedestals and stringers as specified
for the installed floor. The supports shall be braced as necessary to
prevent sideways movement during the test. A test load of 1000 pounds
shall be imposed on the test assembly through a hard plastic caster 3
inches in diameter and 1 inchwide. The caster shall be rolled completely
across the center of the panel. The panel shall withstand 20 passes of the
caster with no delamination or separation of the covering.

2.8 COLOR

Color shall be as indicated and where not indicated as selected by the
Contracting Officer.

PART 3 EXECUTION

3.1 INSTALLATION
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The floor system shall be installed in accordance with the manufacturer's
instructions and with the approved detail drawings. Open ends of the
floor, where the floor system does not abut wall or other construction,
shall have positive anchorage and rigid support. Areas to receive raised
flooring shall be maintained between 60 and 90 degrees F, and between 20
percent and 70 percent humidity for 24 hours prior to and during
installation.

3.1.1 Preparation for Installation

The area in which the floor system is to be installed shall be cleared of
all debris. Structural floor surfaces shall be thoroughly cleaned and all
dust shall be removed. Floor coatings required for dust or vapor control
shall be installed prior to installation of pedestals only if the pedestal
adhesive will not damage the coating. If the coating and adhesive are not
compatible, the coating shall be applied after the pedestals have been
installed and the adhesive has cured.

3.1.2 Pedestals

Pedestals shall be accurately spaced, and shall be set plumb and in true
alignment. Base plates shall be in full and firm contact with the
structural floor. All pedestals shall be glued with every third base
receiving two steel expansion anchors.

3.1.3 Stringers

Stringers shall be interlocked and bolted with the pedestal caps to
preclude lateral movement, and shall be spaced uniformly in parallel lines
at the indicated elevation. Flooring shall be 4 feet by 4 feet basketweave
pattern layout or 4 feet with 2 feet stringer configuration.

3.1.4 Auxiliary Framing

Auxiliary framing or pedestals shall be provided around columns and other
permanent construction at open ends of the floor and beneath panels that
are substantially cut to accommodate utility systems. Special framing for
additional lateral support shall be as shown on the approved detail
drawings.

3.1.5 Panels

The panels shall be interlocked with supports in a manner that will
preclude lateral movement. Perimeter panels, cutout panels, and panels
adjoining columns, stairs, and ramps must be fastened to the supporting
components to form a rigid boundary for the interior panels. Floors shall
be level within 1/16 inch measured with a 10 foot straightedge in all
directions. Cut edges of steel panels shall be painted as recommended by
the panel manufacturer. Cut edges of composite panels shall be coated with
a silicone rubber sealant or with an adhesive recommended by the panel
manufacturer. Extruded vinyl edging shall be secured in place at all cut
edges of all panel cut-outs to prevent abrasion of cables. Where the space
below the floor is a plenum, cutouts for conduit and similar penetrations
shall be closed using self-extinguishing sponge rubber.

3.1.6 Fascia Plates

Exposed floor ends and exposed openings of ramps and stairs shall be
covered with aluminum or steel closures.
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3.1.7 Repair of Zinc Coating

Zinc coating that has been damaged, and cut edges of zinc-coated components
and accessories, shall be repaired by the application of a galvanizing
repair paint. Areas to be repaired shall be thoroughly cleaned prior to
application of the paint.

3.2 TESTING OF ELECTRICAL RESISTANCE

Testing of electrical resistance in the completed installation shall be
conducted in the presence of the Contracting Officer. Testing shall be in
accordance with NFPA 99 modified by placing one electrode on the center of
the panel surface and connecting the other electrode to the metal flooring
support. Measurements shall be made at five or more locations. Each
measurement shall be the average of five readings of 15 seconds duration at
each location. During the tests, relative humidity shall be 45 to 55
percent and temperature shall be 69 to 75 degrees F. The panels used in
the testing will be selected at random and will include two panels most
distant from the ground connection. Electrical resistance shall be
measured with instruments that are accurate within 2 percent and that have
been calibrated within 60 days prior to the performance of the resistance
tests. The metal-to-metal resistance from panel to supporting pedestal
shall not exceed 10 ohms. The resistance between the wearing surface of
the floor covering and the ground connection, as measured on the completed
installation, shall be in accordance with paragraph FLOOR COVERING.

3.3 CLEANING AND PROTECTION

3.3.1 Cleaning

The space below the completed floor shall be free of all debris. Before
any traffic or other work on the completed raised floor is started, the
completed floor shall be cleaned in accordance with the floor covering
manufacturer's instructions.

3.3.2 Protection

Traffic areas of raised floor systems shall be protected with a covering of
building paper, fiberboard, or other suitable material to prevent damage to
the surface. Cutouts shall be covered with material of sufficient strength
to support the loads to be encountered. Plywood or similar material shall
be placed on the floor to serve as runways for installation of heavy
equipment. Protection shall be maintained until the raised floor system is
accepted.

3.4 FIRE SAFETY

An automatic detection system shall be installed below the raised floor
meeting the requirements of NFPA 75 paragraph 5-2.1 and shall sound an
audible and visual alarm. Air space below the raised floor shall be
subdivided into areas not exceeding 10,000 square feet by tight,
noncombustible bulkheads. All penetrations for piping and cables shall be
sealed to maintain bulkhead properties.

-- End of Section --
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SECTION 13210

ABOVEGROUND FUEL OIL STORAGE TANKS
2/02

PART 1 GENERAL

1.1 REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to in the text by the
basic designation only.

AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME)

ASME B16.26 (1988) Cast Copper Alloy Fittings for
Flared Copper Tubes

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 36/A 36M (1997; Rev. A) Carbon Structural Steel

ASTM A 569/A 569M (1998) Commercial Steel (CS) Sheet and
Strip, Carbon (0.15 Maximum, Percent),
Hot-Rolled

ASTM B 88 (1999) Seamless Copper Water Tube

ASTM B 117 (1997) Operating Salt Spray (Fog) Apparatus

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS
INDUSTRY, INC. (MSS)

MSS SP-58 (1993) Pipe Hangers and Supports -
Materials, Design and Manufacture

MSS SP-69 (1996) Pipe Hangers and Supports -
Selection and Application

MSS SP-80 (1997) Bronze Gate, Globe, Angle and Check
Valves

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 30 (1996) Flammable and Combustible Liquids
Code

NFPA 30A (1996) Automotive and Marine Service
Station Code

NFPA 70 (2002) National Electrical Code

UNDERWRITERS LABORATORIES INC. (UL)

UL 142 (1993) Steel Aboveground Tanks for
Flammable and Combustible Liquids
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UL 674 (1994; Bul. 1996, R 1997) Electric Motors
and Generators for Use in Division 1
Hazardous (Classified) Locations

UL 698 (1995; R 1996) Industrial Control Equipment
for Use in Hazardous (Classified) Locations

UL 886 (1994; Bul. 1996, R 1997) Outlet Boxes and
Fittings for Use in Hazardous (Classified)
Locations

UL 2085 (1997) Protected Aboveground Tanks for
Flammable and Combustible Liquids

1.2 SYSTEM DESCRIPTION

Provide aboveground storage tank systems and fuel piping systems complete
and ready for operation. Fuel piping systems shall include aboveground
piping, and connections to existing piping systems.

1.3 SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only or as
otherwise designated. When used, a designation following the "G"
designation identifies the office that will review the submittal for the
Government. The following shall be submitted in accordance with Section
01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Aboveground storage tanks (AST) G.

Submit shop drawings for each size of AST for approval. Indicate
types, sizes, locations, installation details, and other
construction details.

SD-03 Product Data

Aboveground storage tanks (AST) G, AE.

Leak Detection System G, AE.

High level alarm system G, AE.

Tank Level Gage System G, AE.

Alarm Control Panel System G, AE.

Remote alarm system G, AE.

SD-06 Test Reports

Field acceptance test G, AE.

SD-08 Manufacturer's Instructions

Installation instructions
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SD-10 Operation and Maintenance Data

Aboveground storage tanks(AST), Data Package 2 G, AE.

Alarm control panel system, Data Package 2 G, AE.

Accessories for AST's, Data Package 2 G, AE.

Submit in accordance with Section 01781N, "Operation and
Maintenance Data".

1.4 DELIVERY AND STORAGE

Handle and store aboveground storage tanks and containment piping systems,
to prevent distortions and other damage that could affect their structural,
mechanical, or electrical integrity. Replace damaged items that cannot be
restored to original condition. Store items subject to deterioration by
exposure to elements, in a well-drained location, protected from weather,
and accessible for inspection and handling.

PART 2 PRODUCTS

2.1 ABOVEGROUND STORAGE TANKS (AST)

Tanks provided shall be either of the two specified tank types. Each
provided AST shall be UL listed for compliance with UL 2085, as an
insulated, secondary containment aboveground storage tank, protected type.
Each tank shall bear the UL label in compliance with UL 2085. Each tank
shall have a minimum capacity of 8,000 gallons.

2.1.1 Concrete Vaulted Tank

a. Tank System: tank, thermal protection, secondary containment, and
its enclosure (concrete vault) shall be shipped as a completed
unit, that is, completely fabricated in manufacturer's factory.

b. Primary Tank: Listed under UL 142; in compliance with NFPA 30;
ASTM A 569/A 569M or ASTM A 36/A 36M carbon steel; warranted for a
minimum of 20 years by the manufacturer.

c. Concrete Vault: Minimum 6 inches thick; minimum design strength of
4000 psi at 28 days; encases and protects both primary and
secondary containment; steel re-inforcing bars; vault shall be
either monolithic, or be provided with one horizontal joint or seam
for the removeable top of vault. No vertical joints or seams will
be allowed.

d. Corrosion Protection: Coating on steel components exterior to the
concrete encasement shall meet requirements of ASTM B 117

e. Spill and Overfill Containment: UL listed 7 gallon spill/overfill
container manufactured as an integral part of the primary tank,
surrounding the fill tube and protected by the 2 hour fire rating
of the encasement; container shall have a stick port and normally
closed valve to release spilled fluid into primary tank.

f. Overspill Protection: One or more of the following methods:

(1) Direct reading level gauge visible from the fill pipe access.
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(2) Audible and visible high level alarm.

g. Exterior Finish: Exposed aggregate with cementious sealer, or
vault surface sealed with cementious sealer and then coated with
gloss urethane finish coat..

h. Signage: Signage shall be recessed in exterior of concrete to
ensure against damage.

i. Venting: NFPA 30; 2 inch atmospheric vent and emergency vent.

j. Anti-spill Valves: Where product piping extends below the top of
the primary tank, piping shall include shutoff valve and a
normally closed safety valve; safety valve shall be an approved
anti-siphon valve or an electric solenoid valve.

2.1.2 Double-wall Steel Tank, Concrete Insulated

a. Primary tank, its outer steel tank (outer enclosure), interstitial
insulation, and the exterior fiberglass coating, all shall be
shipped as a completed unit, that is, completely constructed in
manufacturer's factory.

b. Primary Tank and Outer Steel Tank: Listed under UL 142; in
compliance with NFPA 30; ASTM A 569/A 569M or ASTM A 36/A 36M
carbon steel; warranted for a minimum of 20 years by the
manufacturer.

c. Interstitial Insulation (Concrete): Concrete bounded by primary
steel tank and outer steel tank; encases and protects primary
tank; concrete placement shall be monolithic, that is, without
seams; tank system provides the support legs which provide minimum
of 3 inch clearance under outer tank.

d. Corrosion Protection: Provide a fiberglass impregnated cladding
on the exterior surface of the outer tank. This cladding shall be
factory applied in the tank manufacturer's factory or an in factory
acceptable to the tank manufacturer. The cladding shall be
provided to a minimum thickness of 1/8 inch in compliance with the
instructions of the cladding system manufacturer.

e. Secondary Containment: Outer steel tank.

f. Spill and Overfill Containment: UL listed 7 gallon spill/overfill
container manufactured as an integral part of the primary tank,
surrounding the fill tube and protected by the 2 hour fire rating
of the encasement; container shall have a stick port and normally
closed valve to release spilled fluid into primary tank.

g. Overspill Protection: One or more of the following methods: (a)
direct reading level gauge visible from the fill pipe access,(b)
audible and visible high level alarm.

h. Venting: NFPA 30; 2 inch atmospheric vent and emergency vent.

i. Anti-spill Valves: Where product piping extends below the top of
the primary tank, piping shall include shutoff valve and a normally
closed safety valve; safety valve shall be an approved anti-siphon
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valve or an electric solenoid valve.

j. Outer Steel Tank Exterior Finish: manufacturer's fiberglass
impregnated coating with total dry thickness a minimum of 1/8 inch
thick.

2.2 ACCESSORIES FOR AST's

Provide the following accessories coordinated with each tank design: Leak
detection sensor, high level alarm switch, fill port with overfill spill
box, fuel outlet with anti-siphon foot valve, leak detection sensor, and
vent with whistle alarm.

2.2.1 Leak Detection System

Provide continuous surveillance probe type leak detection system. System
shall be suitable for operation in NFPA 70, Class 1, Group D environment.
Locate the leak detection system in the leak containment space between the
primary tank and the secondary containment. Leak detection system shall
electronically detect fluid leakage into containment space.

Sensor output and transmission shall be electronic. Probe mounting system
shall not restrict the flow of liquid to the sensing area of the probes.
Sensor output shall provide control signal to the alarm control panel
system specified in this section.

Probe configuration shall be brass or stainless steel components with
BUNA-N float. System shall give alarm condition when no more than 1/2 inch
of liquid leakage is present.

2.2.2 High Level Alarm System

Provide each tank with a vertical float type high level switch with alarm
setting at 95 percent tank capacity. Switch output shall provide control
signal to the alarm control panel system specified in this section.

2.2.3 Tank Level Gage System

Provide tank manufacturer's standard cataloged level gage system

2.2.4 Maintenance and Filling Access

Provide aboveground storage tanks with manufacturer recommended OSHA
compliant access ladder, handrail, and work platform.

2.3 PIPING SYSTEMS

2.3.1 Copper Tubing System

Provide ASTM B 88, Type K or Type L copper tubing with ASME B16.26 flared
fittings or compression type fittings for fuel oil supply, fuel oil return,
and secondary (controls) piping.

2.3.2 Gate Valves

MSS SP-80, Class 125.

2.3.3 Check Valves
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MSS SP-80, Class 125, swing check.

2.3.4 Pipe Hangers and Supports

Provide MSS SP-58 and MSS SP-69, Type 1 with adjustable type steel support
rods, except as specified or indicated otherwise. Indicated hangers which
do are not covered by MSS SP-69 configurations, shall meet the applicable
design requirements of MSS SP-58, and the hanger spacing requirements of
MSS SP-69. Attach to steel joists with Type 19 or 23 clamps and retaining
straps. Attach to Steel W or S beams with Type 21, 28, 29, or 30 clamps.
Attach to steel angles and vertical web steel channels with Type 20 clamp
with beam clamp channel adapter. Attach to horizontal web steel channel
and wood with drilled hole on centerline and double nut and washer. Attach
to concrete with Type 18 insert or drilled expansion anchor.

2.3.5 Dielectric Connections

Provide dielectric connections at piping connections of dissimilar metals.

2.4 ELECTRICAL REQUIREMENTS

Provide switches and devices necessary for the tank electrical systems
system; wiring, fittings, and components shall be explosion-proof in
compliance with applicable requirements of UL 674, UL 698, and UL 886 for
Class I, Division l, Group C and D hazardous locations. Electrical
installations shall conform to requirements of NFPA 70.

2.4.1 Alarm Control Panel System

Control panel shall be in NEMA 4X enclosure, suitable for the environment,
and the panel shall include solid state circuitry, and visual alarms.
Locate each panel at indicated spot. Panel shall incorporate a manual,
self-test system which permits verification of proper operation of high
level alarm audible and visual alarm equipment. Provide a reset button to
silence the audible alarm, but at the same time maintaining the lit alarm
light until the alarm condition is corrected.

2.4.2 Remote Alarm System

System shall be in NEMA 4X enclosure, suitable for the environment, and
shall include an audible alarm. Locate each enclosure at indicated spot.

PART 3 EXECUTION

3.1 INSTALLATION

3.1.1 Fuel Storage Tanks

Install vault type fuel storage tanks, vents, and other connections in
accordance with NFPA 30 and NFPA 30A and published installation instructions
of the manufacturer.

3.2 FIELD TESTING.

Prior to application of test pressure, remove or valve off piping
components which may be damaged by test and install a calibrated test gage
in the system. Maintain test pressure for at least one hour on all new
piping work. In the event of leakage, locate and repair leak and repeat
test. Submit a field acceptance test report for each new AST system
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installation and each new piping system installation.

3.2.1 Piping System Test

After tank erection and installation of valves and piping, test piping.
Perform hydrostatic test of new fuel piping work at 100 psig for one hour.
Replace defective material disclosed by pressure test and repeat test until
results are satisfactory.

3.2.2 Storage Tank Test

Pressure test tanks at not less than 5 psig or more than 7 psig and as
recommended by the manufacturer.

3.3 INSTRUCTION TO GOVERNMENT PERSONNEL

Furnish the services of competent instructors to give full instruction to
the designated Government personnel in the adjustment, operation, and
maintenance, including pertinent safety requirements, of the AST system,
accessories for the AST, and the associated piping system. Instruction
shall be given during the a regular work week after the equipment or system
has been accepted and turned over to the Government for regular operation.
Schedule instruction time with Contracting Officer. The number of man-days
(8 hours per day) of instruction furnished shall be one. Use approximately
half of the time for classroom instruction. Use other time for instruction
in the field at the equipment or system.

-- End of Section --
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SECTION 13930

WET PIPE SPRINKLER SYSTEM, FIRE PROTECTION
04/02

PART 1 GENERAL

1.1 REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 135 (2001) Electric-Resistance-Welded Steel Pipe

ASTM A 183 (1998) Carbon Steel Track Bolts and Nuts

ASTM A 47/A 47M (1999) Ferritic Malleable Iron Castings

ASTM A 53/A 53M (2001) Pipe, Steel, Black and Hot-Dipped,
Zinc-Coated, Welded and Seamless

ASTM A 536 (1984; R 1999el) Ductile Iron Castings

ASTM A 795 (2000) Black and Hot-Dipped Zinc-Coated
(Galvanized) Welded and Seamless Steel Pipe
for Fire Protection Use

ASTM F 436 (2000) Hardened Steel Washers

AMERICAN SOCIETY OF SANITARY ENGINEERING (ASSE)

ASSE 1015 (1999) Double Check Backflow Prevention
Assembly

AMERICAN WATER WORKS ASSOCIATION(AWWA)

AWWA B300 (1999) Hypochlorites

AWWA B301 (1992; Addenda B301a - 1999) Liquid
Chlorine

AWWA C104 (1995) Cement-Mortar Lining for
Ductile-Iron Pipe and Fittings for Water

AWWA C110 (1998) Ductile-Iron and Gray-Iron Fittings,
3 In. Through 48 In. (75 mm through 1200
mm), for Water and Other Liquids

AWWA C111 (2000) Rubber-Gasket Joints for
Ductile-Iron Pressure Pipe and Fittings

AWWA C151 (1996) Ductile-Iron Pipe, Centrifugally
Cast, for Water or Other Liquids
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AWWA C203 (1997; Addenda C203a - 1999) Coal-Tar
Protective Coatings and Linings for Steel
Water Pipelines - Enamel and Tape -
Hot-Applied

AWWA EWW (1999) Standard Methods for the Examination
of Water and Wastewater

AWWA M20 (1973) Manual: Water Chlorination
Principles and Practices

ASME INTERNATIONAL (ASME)

ASME B16.1 (1998) Cast Iron Pipe Flanges and Flanged
Fittings

ASME B16.11 (1996) Forged Fittings, Socket-Welding and
Threaded

ASME B16.21 (1992) Nonmetallic Flat Gaskets for Pipe
Flanges

ASME B16.3 (1998) Malleable Iron Threaded Fittings

ASME B16.4 (1998) Gray Iron Threaded Fittings

ASME B16.9 (1993) Factory-Made Wrought Steel
Buttwelding Fittings

ASME B18.2.1 (1996) Square and Hex Bolts and Screws
(Inch Series)

ASME B18.2.2 (1987; R 1993) Square and Hex Nuts (Inch
Series)

FACTORY MUTUAL ENGINEERING AND RESEARCH (FM)

FM P7825a (1998) Approval Guide Fire Protection

FM P7825b (1998) Approval Guide Electrical Equipment

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS
INDUSTRY (MSS)

MSS SP-71 (1997) Gray Iron Swing Check Valves,
Flanges and Threaded Ends

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 101 (2000) Life Safety Code

NFPA 13 (1999) Installation of Sprinkler Systems

NFPA 1963 (1998) Fire Hose Connections

NFPA 24 (1995) Installation of Private Fire Service
Mains and Their Appurtenances

NATIONAL INSTITUTE FOR CERTIFICATION IN ENGINEERING TECHNOLOGIES
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(NICET)

NICET 1014-7 (1995) Program Detail Manual for
Certification in the Field of Fire
Protection Engineering Technology (Field
Code 003) Subfield of Automatic Sprinkler
System Layout

UNDERWRITERS LABORATORIES (UL)

UL Bld Mat Dir (1999) Building Materials Directory

UL Fire Prot Dir (1999) Fire Protection Equipment Directory

1.2 GENERAL REQUIREMENTS

Wet pipe sprinkler system shall be provided in all occupied areas of the
building . The sprinkler system shall provide fire sprinkler protection
for the entire area. Except as modified herein, the system shall be
designed and installed in accordance with NFPA 13. The Contractor shall
design any portions of the sprinkler system that are not indicated on the
drawings including locating sprinklers, piping and equipment, and size
piping and equipment when this information is not indicated on the drawings
or is not specified herein. The design of the sprinkler system shall be
based on hydraulic calculations, and the other provisions specified herein.

1.2.1 Hydraulic Design

The system shall be hydraulically designed to discharge a minimum density
of .10 gpm per square foot over the hydraulically most demanding 3,000
square feet of floor area. The minimum pipe size for branch lines in
gridded systems shall be 1-1/4 inch. Hydraulic calculations shall be in
accordance with the Area/Density Method of NFPA 13. Water velocity in the
piping shall not exceed 20 ft/s.

1.2.1.1 Hose Demand

An allowance for exterior hose streams of 250 gpm shall be added to the
sprinkler system demand at the fire hydrant shown on the drawings closest
to the point where the water service enters the building.

1.2.1.2 Basis for Calculations

The design of the system shall be based upon a water supply with a static
pressure of 58 psi, and a flow of 761 GPM at a residual pressure of 32 psi.
Water supply shall be presumed available at the base of the riser.

Hydraulic calculations shall be based upon the Hazen-Williams formula with
a "C" value of 120 for steel piping, 150 for copper tubing, 140 for new
cement-lined ductile-iron piping. Two flow test are required. A flow test
shall be preformed at hydrant closest to building location on the fire
protection/water distribution system prior to sprinkler system design and
another flow test on the fire protection system after upgrade project is
completed. If modified fire protection/water distribution system pressure
exceeds NFPA 13 requirements, a pressure reducing valve shall be provided

1.2.2 Sprinkler Coverage

Sprinklers shall be uniformly spaced on branch lines. In buildings
protected by automatic sprinklers, sprinklers shall provide coverage
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throughout 100 percent of the building. This includes, but is not limited
to, telephone rooms, electrical equipment rooms, boiler rooms, switchgear
rooms, transformer rooms, and other electrical and mechanical spaces.
Coverage per sprinkler shall be in accordance with NFPA 13; as specified in
NFPA 13 for extra hazard occupancy but not to exceed 225 square feet for
light hazard or 130 square feet for ordinary hazard occupancies.
Exceptions are as follows:

1) Sprinklers may be omitted from small rooms which are exempted for
specific occupancies in accordance with NFPA 101.

1.3 COORDINATION OF TRADES

Piping offsets, fittings, and any other accessories required shall be
furnished as required to provide a complete installation and to eliminate
interference with other construction. Sprinkler shall be installed over
and under ducts, piping and platforms when such equipment can negatively
effect or disrupt the sprinkler discharge pattern and coverage.

1.4 DELIVERY AND STORAGE

All equipment delivered and placed in storage shall be housed in a manner
to preclude any damage from the weather, humidity and temperature
variations, dirt and dust, or other contaminants. Additionally, all pipes
shall either be capped or plugged until installed.

1.5 FIELD MEASUREMENTS

The Contractor shall become familiar with all details of the work, verify
all dimensions in the field, and shall advise the Contracting Officer of
any discrepancy before performing the work.

1.6 SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only. When
used, a designation following the "G" designation identifies the office
that will review the submittal for the Government. The following shall be
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Sprinkler System Shop Drawings; G, AE.

Three copies of the Sprinkler System Shop Drawings, no later than
21 days prior to the start of sprinkler system installation. The
Sprinkler System Shop Drawings shall conform to the requirements
established for working plans as prescribed in NFPA 13. Drawings
shall include plan and elevation views demonstrating that the
equipment will fit the allotted spaces with clearance for
installation and maintenance. Each set of drawings shall include
the following:

a. Descriptive index of drawings in the submittal with
drawings listed in sequence by drawing number. A legend
identifying device symbols, nomenclature, and conventions used.

b. Floor plans drawn to a scale not less than 1/8" = 1'-0"
which clearly show locations of sprinklers, risers, pipe hangers,
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seismic separation assemblies, sway bracing, inspector's test
connections, drains, and other applicable details necessary to
clearly describe the proposed arrangement. Each type of fitting
used and the locations of bushings, reducing couplings, and welded
joints shall be indicated.

c. Actual center-to-center dimensions between sprinklers on
branch lines and between branch lines; from end sprinklers to
adjacent walls; from walls to branch lines; from sprinkler feed
mains, cross-mains and branch lines to finished floor and roof or
ceiling. A detail shall show the dimension from the sprinkler and
sprinkler deflector to the ceiling in finished areas.

d. Longitudinal and transverse building sections showing
typical branch line and cross-main pipe routing as well as
elevation of each typical sprinkler above finished floor.

e. Details of each type of riser assembly; pipe hanger; sway
bracing for earthquake protection, and restraint of underground
water main at point-of-entry into the building, and electrical
devices and interconnecting wiring.

As-Built Shop Drawings; .

As-built shop drawings, at least 14 days after completion of the
Final Tests. The Sprinkler System Drawings shall be updated to
reflect as-built conditions after all related work is completed and
shall be on reproducible full-size mylar film.

SD-03 Product Data

Fire Protection Related Submittals; , G, AE..

A list of the Fire Protection Related Submittals, no later than 7
days after the approval of the Fire Protection Specialist.

Components and Equipment Data; G, AE.

Manufacturer's catalog data included with the Sprinkler System
Drawings for all items specified herein. The data shall be
highlighted to show model, size, options, etc., that are intended
for consideration. Data shall be adequate to demonstrate
compliance with all contract requirements. In addition, a complete
equipment list that includes equipment description, model number
and quantity shall be provided.

Hydraulic Calculations; G, AE.

Hydraulic calculations, including a drawing showing hydraulic
reference points and pipe segments.

Spare Parts; , G, AE.

Spare parts data shall be included for each different item of
material and equipment specified. The data shall include a
complete list of parts and supplies, with current unit prices and
source of supply, and a list of parts recommended by the
manufacturer to be replaced after 1 year and 3 years of service. A
list of special tools and test equipment required for maintenance
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and testing of the products supplied by the Contractor shall be
included.

Preliminary Tests Procedures; G, RE.

Proposed procedures for Preliminary Tests, no later than 14 days
prior to the proposed start of the tests.

Final Acceptance Test Procedures; G, RE.

Proposed procedures for Final Acceptance Test, no later than 14
days prior to the proposed start of the tests.

On-site Training Schedule; G, RE.

Proposed On-site Training schedule, at least 14 days prior to
the start of related training.

Preliminary Tests; G, RE.

Proposed date and time to begin Preliminary Tests, submitted with
the Preliminary Tests Procedures.

Final Acceptance Test; G, RE.

Proposed date and time to begin Final Acceptance Test, submitted
with the Final Acceptance Test Procedures. Notification shall be
provided at least 14 days prior to the proposed start of the test.
Notification shall include a copy of the Contractor's Material &
Test Certificates.

Fire Protection Specialist Qualifications; G; RE.

The name and documentation of certification of the proposed Fire
Protection Specialists, no later than 14 days after the Notice to
Proceed and prior to the submittal of the sprinkler system drawings
and hydraulic calculations.

Sprinkler System Installer Qualifications; G, RE.

The name and documentation of certification of the proposed
Sprinkler System Installer, concurrent with submittal of the Fire
Protection Specialist Qualifications.

SD-06 Test Reports

Preliminary Tests Report; G; RE.

Three copies of the completed Preliminary Tests Reports, no later
that 7 days after the completion of the Preliminary Tests. The
Preliminary Tests Report shall include both the Contractor's
Material and Test Certificate for Underground Piping and the
Contractor's Material and Test Certificate for Aboveground Piping.
All items in the Preliminary Tests Report shall be signed by the
Fire Protection Specialist.

Final Acceptance Test Report; G, RE.

Three copies of the completed Final Acceptance Tests Reports, no

SECTION 13930 Page 6



OPERATIONS SUPPORT CENTER, LANGLEY AIR FORCE BASE, VA MUHJ02-3010

later that 7 days after the completion of the Final Acceptance
Tests. All items in the Final Acceptance Report shall be signed by
the Fire Protection Specialist.

SD-07 Certificates

Fire Protection Specialist Inspection; G, RE.

Concurrent with the Final Acceptance Test Report, certification
by the Fire Protection Specialist that the sprinkler system is
installed in accordance with the contract requirements, including
signed approval of the Preliminary and Final Acceptance Test
Reports.

SD-10 Operation and Maintenance Data

Wet Pipe Sprinkler System; G, RE.

Six manuals listing step-by-step procedures required for system
startup, operation, shutdown, and routine maintenance, at least 14
days prior to field training. The manuals shall include the
manufacturer's name, model number, parts list, list of parts and
tools that should be kept in stock by the owner for routine
maintenance including the name of a local supplier, simplified
wiring and controls diagrams, troubleshooting guide, and
recommended service organization (including address and telephone
number) for each item of equipment. Each service organization
submitted shall be capable of providing 4 hour on-site response to
a service call on an emergency basis.

1.7 HYDRAULIC CALCULATIONS

Hydraulic calculations shall be as outlined in NFPA 13 except that
calculations shall be performed by computer using software intended
specifically for fire protection system design using the design data shown
on the drawings. Software that uses k-factors for typical branch lines is
not acceptable. Calculations shall be based on the water supply data shown
on the drawings. Calculations shall substantiate that the design area used
in the calculations is the most demanding hydraulically. Water supply
curves and system requirements shall be plotted on semi-logarithmic graph
paper so as to present a summary of the complete hydraulic calculation. A
summary sheet listing sprinklers in the design area and their respective
hydraulic reference points, elevations, actual discharge pressures and
actual flows shall be provided. Elevations of hydraulic reference points
(nodes) shall be indicated. Documentation shall identify each pipe
individually and the nodes connected thereto. The diameter, length, flow,
velocity, friction loss, number and type fittings, total friction loss in
the pipe, equivalent pipe length and Hazen-Williams coefficient shall be
indicated for each pipe. For gridded systems, calculations shall show
peaking of demand area friction loss to verify that the hydraulically most
demanding area is being used. Also for gridded systems, a flow diagram
indicating the quantity and direction of flows shall be included. A
drawing showing hydraulic reference points (nodes) and pipe designations
used in the calculations shall be included and shall be independent of shop
drawings.

1.8 FIRE PROTECTION SPECIALIST

Work specified in this section shall be performed under the supervision of
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and certified by the Fire Protection Specialist. The Fire Protection
Specialist shall be an individual who is a registered professional engineer
and a Full Member of the Society of Fire Protection Engineers or who is
certified as a Level IV Technician by National Institute for Certification
in Engineering Technologies (NICET) in the Automatic Sprinkler System
Layout subfield of Fire Protection Engineering Technology in accordance
with NICET 1014-7. The Fire Protection Specialist shall be regularly
engaged in the design and installation of the type and complexity of system
specified in the Contract documents, and shall have served in a similar
capacity for at least three systems that have performed in the manner
intended for a period of not less than 6 months.

1.9 SPRINKLER SYSTEM INSTALLER QUALIFICATIONS

Work specified in this section shall be performed by the Sprinkler System
Installer. The Sprinkler System Installer shall be regularly engaged in
the installation of the type and complexity of system specified in the
Contract documents, and shall have served in a similar capacity for at
least three systems that have performed in the manner intended for a period
of not less than 6 months.

1.10 REGULATORY REQUIREMENTS

Compliance with referenced NFPA standards is mandatory. This includes
advisory provisions listed in the appendices of such standards, as though
the word "shall" had been substituted for the word "should" wherever it
appears. In the event of a conflict between specific provisions of this
specification and applicable NFPA standards, this specification shall
govern. Reference to "authority having jurisdiction" shall be interpreted
to mean the Contracting Officer.

PART 2 PRODUCTS

2.1 STANDARD PRODUCTS

Materials and equipment shall be standard products of a manufacturer
regularly engaged in the manufacture of such products and shall essentially
duplicate items that have been in satisfactory use for at least 2 years
prior to bid opening.

2.2 NAMEPLATES

All equipment shall have a nameplate that identifies the manufacturer's
name, address, type or style, model or serial number, and catalog number.

2.3 REQUIREMENTS FOR FIRE PROTECTION SERVICE

Materials and Equipment shall have been tested by Underwriters
Laboratories, Inc. and listed in UL Fire Prot Dir or approved by Factory
Mutual and listed in FM P7825a and FM P7825b. Where the terms "listed" or
"approved" appear in this specification, such shall mean listed in UL Fire
Prot Dir or FM P7825a and FM P7825b

2.4 UNDERGROUND PIPING COMPONENTS

2.4.1 Pipe

Piping from a point 6 inches above the floor to a point 5 feet outside the
building wall shall be ductile iron with a rated working pressure 150 psi

SECTION 13930 Page 8



OPERATIONS SUPPORT CENTER, LANGLEY AIR FORCE BASE, VA MUHJ02-3010

conforming to AWWA C151, with cement mortar lining conforming to AWWA C104.
Piping more than 5 feet outside the building walls shall comply with

Section 02510A WATER DISTRIBUTION SYSTEM.

2.4.2 Fittings and Gaskets

Fittings shall be ductile iron conforming to AWWA C110. Gaskets shall be
suitable in design and size for the pipe with which such gaskets are to be
used. Gaskets for ductile iron pipe joints shall conform to AWWA C111.

2.5 ABOVEGROUND PIPING COMPONENTS

Aboveground piping shall be steel.

2.5.1 Steel Piping Components

2.5.1.1 Steel Pipe

Except as modified herein, steel pipe shall be black as permitted by NFPA
13 and shall conform to applicable provisions of ASTM A 795, ASTM A 53/A 53M,
or ASTM A 135. Pipe in which threads or grooves are cut shall be Schedule
40 or shall be listed by Underwriters' Laboratories to have a corrosion
resistance ratio (CRR) of 1.0 or greater after threads or grooves are cut.
Pipe shall be marked with the name of the manufacturer, kind of pipe, and
ASTM designation.

2.5.1.2 Fittings for Non-Grooved Steel Pipe

Fittings shall be cast iron conforming to ASME B16.4, steel conforming to
ASME B16.9 or ASME B16.11, or malleable iron conforming to ASME B16.3.
Galvanized fittings shall be used for piping systems or portions of piping
systems utilizing galvanized piping. Fittings into which sprinklers, drop
nipples or riser nipples (sprigs) are screwed shall be threaded type.
Plain-end fittings with mechanical couplings, fittings that use steel
gripping devices to bite into the pipe and segmented welded fittings shall
not be used.

2.5.1.3 Grooved Mechanical Joints and Fittings

Joints and fittings shall be designed for not less than 175 psi service and
shall be the product of the same manufacturer;segmented welded fittings
shall not be used. Fitting and coupling houses shall be malleable iron
conforming to ASTM A 47/A 47M, Grade 32510; ductile iron conforming to ASTM
A 536, Grade 65-45-12. Gasket shall be the flush type that fills the
entire cavity between the fitting and the pipe. Nuts and bolts shall be
heat-treated steel conforming to ASTM A 183 and shall be cadmium plated or
zinc electroplated.

2.5.1.4 Flanges

Flanges shall conform to NFPA 13 and ASME B16.1. Gaskets shall be
non-asbestos compressed material in accordance with ASME B16.21, 1/16 inch
thick, and full face or self-centering flat ring type.

2.5.1.5 Bolts, Nut, and Washers

Bolts shall be squarehead conforming to ASME B18.2.1 and shall extend no
less than three full threads beyond the nut with bolts tightened to the
required torque. Nuts shall be hexagon type conforming to ASME B18.2.2.
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Washers shall meet the requirements of ASTM F 436. Flat circular washers
shall be provided under all bolt heads and nuts.

2.5.2 Pipe Hangers

Hangers shall be listed in UL Fire Prot Dir or FM P7825a and FM P7825b and
of the type suitable for the application, construction, and pipe type and
sized to be supported.

2.5.3 Valves

2.5.3.1 Control Valve and Gate Valve

Manually operated sprinkler control valve and gate valve shall be outside
stem and yoke (OS&Y) type and shall be listed in UL Bld Mat Dir or FM P7825a
and FM P7825b.

2.5.3.2 Check Valve

Check valve 2 inches and larger shall be listed in UL Bld Mat Dir or FM
P7825a and FM P7825b. Check valves 4 inches and larger shall be of the
swing type with flanged cast iron body and flanged inspection plate, shall
have a clear waterway and shall meet the requirements of MSS SP-71, for
Type 3 or 4.

2.6 ALARM CHECK VALVE ASSEMBLY

Assembly shall include an check valve, pressure gauges, testing valves,
main drain, and other components as required for a fully operational system.

2.7 ALARM INITIATING AND SUPERVISORY DEVICES

2.7.1 Sprinkler Waterflow Indicator Switch, Vane Type

Switch shall be vane type with a pipe saddle and cast aluminum housing.
The electro-mechanical device shall include a flexible, low-density
polyethylene paddle conforming to the inside diameter of the fire
protection pipe. The device shall sense water movements and be capable of
detecting a sustained flow of 10 gpm or greater. The device shall contain
a retard device adjustable from 0 to 90 seconds to reduce the possibility
of false alarms caused by transient flow surges. The switch shall be
tamper resistant and contain two SPDT (Form C) contacts arranged to
transfer upon removal of the housing cover, and shall be equipped with a
silicone rubber gasket to assure positive water seal and a dustproof cover
and gasket to seal the mechanism from dirt and moisture.

2.7.2 Valve Supervisory (Tamper) Switch

Switch shall be suitable for mounting to the type of control valve to be
supervised open. The switch shall be tamper resistant and contain one set
of SPDT (Form C) contacts arranged to transfer upon removal of the housing
cover or closure of the valve of more than two rotations of the valve stem.

2.8 FIRE DEPARTMENT CONNECTION

Fire department connection shall be flush type with cast brass body,
matching wall escutcheon lettered "Auto Spkr" with a polished brass finish.
The connection shall have two inlets with individual self-closing

clappers, caps with drip drains and chains. Female inlets shall have 2-1/2
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inch diameter American National Fire Hose Connection Screw Threads (NH) per
NFPA 1963.

2.9 SPRINKLERS

Sprinklers with internal O-rings shall not be used. Sprinklers shall be
used in accordance with their listed coverage limitations. Temperature
classification shall be ordinary. Sprinklers in high heat areas including
attic spaces or in close proximity to unit heaters shall have temperature
classification in accordance with NFPA 13. Extended coverage sprinklers
shall not be used.

2.9.1 Concealed Sprinkler

Concealed sprinkler shall be chrome-platedquick-response type and shall
have a nominal 1/2 inch or 17/32 inch orifice.

2.9.2 Recessed Sprinkler

Upright sprinkler shall be chrome-platedquick-response type and shall have
a nominal 1/2 inch or 17/32 inch orifice.

2.9.3 Flush Sprinkler

Flush sprinkler shall be chrome-plated quick-response type and shall have a
nominal 1/2 inch or 17/32 inch orifice.

2.9.4 Pendent Sprinkler

Pendent sprinkler shall be of the fusible strut or glass bulb type, recessed
quick-response type with nominal 1/2 inch orifice. Pendent sprinklers

shall have a polished chrome white polyester finish.

2.9.5 Upright Sprinkler

Upright sprinkler shall be brass and shall have a nominal 1/2 inch orifice.

2.9.6 Sidewall Sprinkler

Sidewall sprinkler shall have a nominal 1/2 inch orifice. Sidewall
sprinkler shall have a polished chrome finish. Sidewall sprinkler shall be
the quick-response type.

2.10 DISINFECTING MATERIALS

2.10.1 Liquid Chlorine

Liquid chlorine shall conform to AWWA B301.

2.10.2 Hypochlorites

Calcium hypochlorite and sodium hypochlorite shall conform to AWWA B300.

2.11 ACCESSORIES

2.11.1 Sprinkler Cabinet

Spare sprinklers shall be provided in accordance with NFPA 13 and shall be
packed in a suitable metal or plastic cabinet. Spare sprinklers shall be
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representative of, and in proportion to, the number of each type and
temperature rating of the sprinklers installed. At least one wrench of
each type required shall be provided.

2.11.2 Pendent Sprinkler Escutcheon

Escutcheon shall be one-piece metallic type with a depth of less than 3/4
inch and suitable for installation on pendent sprinklers. The escutcheon
shall have a factory finish that matches the pendent sprinkler heads.

2.11.3 Pipe Escutcheon

Escutcheon shall be polished chromium-plated zinc alloy, or polished
chromium-plated copper alloy. Escutcheons shall be either one-piece or
split-pattern, held in place by internal spring tension or set screw.

2.11.4 Identification Sign

Valve identification sign shall be minimum 6 inches wide x 2 inches high
with enamel baked finish on minimum 18 gauge steel or 0.024 inch aluminum
with red letters on a white background or white letters on red background.
Wording of sign shall include, but not be limited to "main drain,"
"auxiliary drain," "inspector's test," "alarm test," "alarm line," and
similar wording as required to identify operational components.

2.12 DOUBLE-CHECK VALVE BACKFLOW PREVENTION ASSEMBLY

Double-check backflow prevention assembly shall comply with ASSE 1015. The
assembly shall have a bronze, cast-iron or stainless steel body with
flanged ends. The assembly shall include pressure gauge test ports and
OS&Y shutoff valves on the inlet and outlet, 2-positive-seating check valve
for continuous pressure application, and four test cocks. Assemblies shall
be rated for working pressure of 150 psi The maximum pressure loss shall be
6 psi at a flow rate equal to the sprinkler water demand, at the location
of the assembly. A test port for a pressure gauge shall be provided both
upstream and downstream of the double check backflow prevention assembly
valves.

PART 3 EXECUTION

3.1 FIRE PROTECTION RELATED SUBMITTALS

The Fire Protection Specialist shall prepare a list of the submittals from
the Contract Submittal Register that relate to the successful installation
of the sprinkler systems(s). The submittals identified on this list shall
be accompanied by a letter of approval signed and dated by the Fire
Protection Specialist when submitted to the Government.

3.2 INSTALLATION REQUIREMENTS

The installation shall be in accordance with the applicable provisions of
NFPA 13, and publications referenced therein.

3.3 INSPECTION BY FIRE PROTECTION SPECIALIST

The Fire Protection Specialist shall inspect the sprinkler system
periodically during the installation to assure that the sprinkler system is
being provided and installed in accordance with the contract requirements.
The Fire Protection Specialist shall witness the preliminary and final
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tests, and shall sign the test results. The Fire Protection Specialist,
after completion of the system inspections and a successful final test,
shall certify in writing that the system has been installed in accordance
with the contract requirements. Any discrepancy shall be brought to the
attention of the Contracting Officer in writing, no later than three
working days after the discrepancy is discovered.

3.4 ABOVEGROUND PIPING INSTALLATION

3.4.1 Protection of Piping Against Earthquake Damage

The system piping shall be protected against damage from earthquakes.
Seismic protection shall include flexible and rigid couplings, sway
bracing, seismic separation assemblies where piping crosses building
seismic separation joints, and other features as required by NFPA 13 for
protection of piping against damage from earthquakes.

3.4.2 Piping in Exposed Areas

Exposed piping shall be installed so as not to diminish exit access widths,
corridors or equipment access. Exposed horizontal piping, including drain
piping, shall be installed to provide maximum headroom.

3.4.3 Piping in Finished Areas

In areas with suspended or dropped ceilings and in areas with concealed
spaces above the ceiling, piping shall be concealed above ceilings. Piping
shall be inspected, tested and approved before being concealed. Risers and
similar vertical runs of piping in finished areas shall be concealed.

3.4.4 Pendent Sprinklers

Drop nipples to pendent sprinklers shall consist of minimum 1 inch pipe
with a reducing coupling into which the sprinkler shall be threaded.
Hangers shall be provided on arm-overs to drop nipples supplying pendent
sprinklers when the arm-over exceeds 12 inches. Where sprinklers are
installed below suspended or dropped ceilings, drop nipples shall be cut
such that sprinkler ceiling plates or escutcheons are of a uniform depth
throughout the finished space. The outlet of the reducing coupling shall
not extend more than 1 inch below the underside of the ceiling. On pendent
sprinklers installed below suspended or dropped ceilings, the distance from
the sprinkler deflector to the underside of the ceiling shall not exceed 4
inches. Recessed pendent sprinklers shall be installed such that the
distance from the sprinkler deflector to the underside of the ceiling shall
not exceed the manufacturer's listed range and shall be of uniform depth
throughout the finished area.

3.4.4.1 Pendent Sprinkler Locations

Pendent sprinklers in suspended ceilings shall be located in the center of
acoustical ceiling tiles.

3.4.5 Upright Sprinklers

Riser nipples or "sprigs" to upright sprinklers shall contain no fittings
between the branch line tee and the reducing coupling at the sprinkler.
Riser nipples exceeding 30 inches in length shall be individually supported.

3.4.6 Pipe Joints
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Pipe joints shall conform to NFPA 13, except as modified herein. Not more
than four threads shall show after joint is made up. Welded joints will be
permitted, only if welding operations are performed as required by NFPA 13
at the Contractor's fabrication shop, not at the project construction site.
Flanged joints shall be provided where indicated or required by NFPA 13.

Grooved pipe and fittings shall be prepared in accordance with the
manufacturer's latest published specification according to pipe material,
wall thickness and size. Grooved couplings, fittings and grooving tools
shall be products of the same manufacturer. For copper tubing, pipe and
groove dimensions shall comply with the tolerances specified by the
coupling manufacturer. The diameter of grooves made in the field shall be
measured using a "go/no-go" gauge, vernier or dial caliper, narrow-land
micrometer, or other method specifically approved by the coupling
manufacturer for the intended application. Groove width and dimension of
groove from end of pipe shall be measured and recorded for each change in
grooving tool setup to verify compliance with coupling manufacturer's
tolerances. Grooved joints shall not be used in concealed locations, such
as behind solid walls or ceilings, unless an access panel is shown on the
drawings for servicing or adjusting the joint.

3.4.7 Reducers

Reductions in pipe sizes shall be made with one-piece tapered reducing
fittings. The use of grooved-end or rubber-gasketed reducing couplings
will not be permitted. When standard fittings of the required size are not
manufactured, single bushings of the face type will be permitted. Where
used, face bushings shall be installed with the outer face flush with the
face of the fitting opening being reduced. Bushings shall not be used in
elbow fittings, in more than one outlet of a tee, in more than two outlets
of a cross, or where the reduction in size is less than 1/2 inch.

3.4.8 Pipe Penetrations

Cutting structural members for passage of pipes or for pipe-hanger
fastenings will not be permitted. Pipes that must penetrate concrete or
masonry walls or concrete floors shall be core-drilled and provided with
pipe sleeves. Each sleeve shall be Schedule 40 galvanized steel, ductile
iron or cast iron pipe and shall extend through its respective wall or
floor and be cut flush with each wall surface. Sleeves shall provide
required clearance between the pipe and the sleeve per NFPA 13. The space
between the sleeve and the pipe shall be firmly packed with mineral wool
insulation. Where pipes penetrate fire walls, fire partitions, or floors,
pipes shall be fire stopped in accordance with Section 07840A FIRESTOPPING.
In penetrations that are not fire-rated or not a floor penetration, the

space between the sleeve and the pipe shall be sealed at both ends with
plastic waterproof cement that will dry to a firm but pliable mass or with
a mechanically adjustable segmented elastomer seal.

3.4.9 Escutcheons

Escutcheons shall be provided for pipe penetration of ceilings and walls.
Escutcheons shall be securely fastened to the pipe at surfaces through
which piping passes.

3.4.10 Inspector's Test Connection

Unless otherwise indicated, test connection shall consist of 1 inch pipe
connected to the remote branch line; a test valve located approximately 7
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feet above the floor; a smooth bore brass outlet equivalent to the smallest
orifice sprinkler used in the system; and a painted metal identification
sign affixed to the valve with the words "Inspector's Test." The discharge
orifice shall be located outside the building wall directed so as not to
cause damage to adjacent construction or landscaping during full flow
discharge.

3.4.11 Drains

Main drain piping shall be provided to discharge at a safe point outside
the building. Auxiliary drains shall be provided as indicated and as
required by NFPA 13. When the capacity of trapped sections of pipe is less
than 3 gallons, the auxiliary drain shall consist of a valve not smaller
than 1/2 inch and a plug or nipple and cap. When the capacity of trapped
sections of piping is more than 3 gallons, the auxiliary drain shall
consist of two 1 inch valves and one 2 x 12 inch condensate nipple or
equivalent, located in an accessible location. Tie-in drains shall be
provided for multiple adjacent trapped branch pipes and shall be a minimum
of 1 inch in diameter. Tie-in drain lines shall be pitched a minimum of
1/2 inch per 10 feet.

3.4.12 Installation of Fire Department Connection

Connection shall be mounted on the exterior wall approximately 3 feet above
finished grade . The piping between the connection and the check valve
shall be provided with an automatic drip in accordance with NFPA 13 and
arranged to drain to the outside.

3.4.13 Identification Signs

Signs shall be affixed to each control valve, inspector test valve, main
drain, auxiliary drain, test valve, and similar valves as appropriate or as
required by NFPA 13. Hydraulic design data nameplates shall be permanently
affixed to each sprinkler riser as specified in NFPA 13.

3.5 UNDERGROUND PIPING INSTALLATION

The fire protection water main shall be laid, and joints anchored, in
accordance with NFPA 24. Minimum depth of cover shall be 3 feet. The
supply line shall terminate inside the building with a flanged piece, the
bottom of which shall be set not less than 6 inches above the finished
floor. A blind flange shall be installed temporarily on top of the flanged
piece to prevent the entrance of foreign matter into the supply line. A
concrete thrust block shall be provided at the elbow where the pipe turns
up toward the floor. In addition, joints shall be anchored in accordance
with NFPA 24 using pipe clamps and steel rods from the elbow to the flange
above the floor and from the elbow to a pipe clamp in the horizontal run of
pipe. Buried steel components shall be provided with a corrosion
protective coating in accordance with AWWA C203. Piping more than 5 feet
outside the building walls shall meet the requirements of Section 02510A
WATER DISTRIBUTION SYSTEM.

3.6 EARTHWORK

Earthwork shall be performed in accordance with applicable provisions of
Section 02315A EXCAVATION, FILLING AND BACKFILLING FOR BUILDINGS.

3.7 ELECTRICAL WORK
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Except as modified herein, electric equipment and wiring shall be in
accordance with Section 16415A ELECTRICAL WORK, INTERIOR. Alarm signal
wiring connected to the building fire alarm control system shall be in
accordance with 16175 ANALOG ADDRESSABLE FIRE DETECTION AND ALARM SYSTEM.
Wiring color code shall remain uniform throughout the system.

3.8 DISINFECTION

After all system components are installed and hydrostatic test(s) are
successfully completed, each portion of the sprinkler system to be
disinfected shall be thoroughly flushed with potable water until all
entrained dirt and other foreign materials have been removed before
introducing chlorinating material. Flushing shall be conducted by removing
the flushing fitting of the cross mains and of the grid branch lines, and
then back-flushing through the sprinkler main drains. The chlorinating
material shall be hypochlorites or liquid chlorine. Water chlorination
procedure shall be in accordance with AWWA M20. The chlorinating material
shall be fed into the sprinkler piping at a constant rate of 50 parts per
million (ppm). A properly adjusted hypochlorite solution injected into the
system with a hypochlorinator, or liquid chlorine injected into the system
through a solution-fed chlorinator and booster pump shall be used.
Chlorination application shall continue until the entire system if filled.
The water shall remain in the system for a minimum of 24 hours. Each valve
in the system shall be opened and closed several times to ensure its proper
disinfection. Following the 24-hour period, no less than 25 ppm chlorine
residual shall remain in the system. The system shall then be flushed with
clean water until the residual chlorine is reduced to less than one part
per million. Samples of water in disinfected containers for bacterial
examination will be taken from several system locations which are approved
by the Contracting Officer. Samples shall be tested for total coliform
organisms (coliform bacteria, fecal coliform, streptococcal, and other
bacteria) in accordance with AWWA EWW. The testing method shall be either
the multiple-tube fermentation technique or the membrane-filter technique.
The disinfection shall be repeated until tests indicate the absence of
coliform organisms (zero mean coliform density per 100 milliliters) in the
samples for at least 2 full days. The system will not be accepted until
satisfactory bacteriological results have been obtained. After successful
completion, verify installation of all sprinklers and plugs and pressure
test the system.

3.9 PIPE COLOR CODE MARKING

Color code marking of piping shall be as specified in Section 09900 PAINTS
AND COATINGS.

3.10 PRELIMINARY TESTS

The system, including the underground water mains, and the aboveground
piping and system components, shall be tested to assure that equipment and
components function as intended. The underground and aboveground interior
piping systems and attached appurtenances subjected to system working
pressure shall be tested in accordance with NFPA 13 and NFPA 24. Upon
completion of specified tests, the Contractor shall complete certificates
as specified in paragraph SUBMITTALS.

3.10.1 Underground Piping

3.10.1.1 Flushing
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Underground piping shall be flushed in accordance with NFPA 24. This
includes the requirement to flush the lead-in connection to the fire
protection system at a flow rate not less that the calculated maximum water
demand rate of the system.

3.10.1.2 Hydrostatic Testing

New underground piping shall be hydrostatically tested in accordance with
NFPA 24. The allowable leakage shall be measured at the specified test
pressure by pumping from a calibrated container. The amount of leakage at
the joints shall not exceed 2 quarts per hour per 100 gaskets or joints,
regardless of pipe diameter.

3.10.2 Aboveground Piping

3.10.2.1 Hydrostatic Testing

Aboveground piping shall be hydrostatically tested in accordance with NFPA
13 at not less than 200 psi or 50 psi in excess of maximum system operating
pressure and shall maintain that pressure without loss for 2 hours. There
shall be no drop in gauge pressure or visible leakage when the system is
subjected to the hydrostatic test. The test pressure shall be read from a
gauge located at the low elevation point of the system or portion being
tested.

3.10.2.2 Backflow Prevention Assembly Forward Flow Test

Each backflow prevention assembly shall be tested at system flow demand,
including all applicable hose streams, as specified in NFPA 13. The
Contractor shall provide all equipment and instruments necessary to conduct
a complete forward flow test, including2.5 inch diameter hoses, playpipe
nozzles, calibrated pressure gauges, and pitot tube gauge. The Contractor
shall provide all necessary supports to safely secure hoses and nozzles
during the test. At the system demand flow, the pressure readings and
pressure drop (friction) across the assembly shall be recorded. A metal
placard shall be provided on the backflow prevention assembly that lists
the pressure readings both upstream and downstream of the assembly, total
pressure drop, and the system test flow rate. The pressure drop shall be
compared to the manufacturer's data.

3.10.3 Testing of Alarm Devices

Each alarm switch shall be tested by flowing water through the inspector's
test connection. Each water-operated alarm devices shall be tested to
verify proper operation.

3.10.4 Main Drain Flow Test

Following flushing of the underground piping, a main drain test shall be
made to verify the adequacy of the water supply. Static and residual
pressures shall be recorded on the certificate specified in paragraph
SUBMITTALS. In addition, a main drain test shall be conducted each time
after a main control valve is shut and opened.

3.11 FINAL ACCEPTANCE TEST

Final Acceptance Test shall begin only when the Preliminary Test Report has
been approved. The Fire Protection Specialist shall conduct the Final
Acceptance Test and shall provide a complete demonstration of the operation
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of the system. This shall include operation of control valves and flowing
of inspector's test connections to verify operation of associated waterflow
alarm switches. After operation of control valves has been completed, the
main drain test shall be repeated to assure that control valves are in the
open position. In addition, the representative shall have available copies
of as-built drawings and certificates of tests previously conducted. The
installation shall not be considered accepted until identified
discrepancies have been corrected and test documentation is properly
completed and received.

3.12 ON-SITE TRAINING

The Fire Protection Specialist shall conduct a training course for
operating and maintenance personnel as designated by the Contracting
Officer. Training shall be provided for a period of 8 hours of normal
working time and shall start after the system is functionally complete but
prior to the Preliminary Tests and Final Acceptance Test. The On-Site
Training shall cover all of the items contained in the approved Operating
and Maintenance Instructions.

-- End of Section --
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SECTION 16415

ELECTRICAL WORK, INTERIOR
06/02

PART 1 GENERAL

1.1 REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI C37.16 (2000) Low-Voltage Power Circuit Breakers
and AC Power Circuit Protectors - Preferred
Ratings, Related Requirements, and
Application Recommendations

ANSI C39.1 (1981; R 1992) Requirements for Electrical
Analog Indicating Instruments

ANSI C78.1 (1991; C78.1a; R 1996) Fluorescent Lamps -
Rapid-Start Types - Dimensional and
Electrical Characteristics

ANSI C78.1350 (1990) Electric Lamps - 400-Watt, 100-Volt,
S51 Single-Ended High-Pressure Sodium Lamps

ANSI C78.1351 (1989) Electric Lamps - 250-Watt, 100-Volt
S50 Single-Ended High-Pressure Sodium Lamps

ANSI C78.1352 (1990) Electric Lamps - 1000-Watt,
250-Volt, S52 Single-Ended High-Pressure
Sodium Lamps

ANSI C78.1355 (1989) Electric Lamps - 150-Watt, 55-Volt
S55 High-Pressure Sodium Lamps

ANSI C78.1375 (1996) 400-Watt, M59 Single-Ended
Metal-Halide Lamps

ANSI C78.1376 (1996) 1000-Watt, M47 Metal-Halide Lamps

ANSI C78.20 (1995) Electric Lamps - Characteristics of
Incandescent Lamps A, G, PS, and Similar
Shapes with E26 Medium Screw Bases

ANSI C78.21 (1995) Physical and Electrical
Characteristics - Incandescent Lamps - PAR
and R Shapes

ANSI C78.2A (1991) 18 & 26- Watt, Compact Fluorescent
Quad Tube Lamps **

ANSI C78.2B (1992) 9 & 13-Watt, Compact Fluorescent
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Quad Tube Lamps **

ANSI C82.1 (1997) Specifications for Fluorescent Lamp
Ballasts \$18.00$\F\X Addenda D & E

ANSI C82.4 (1992) Ballasts for
High-Intensity-Discharge and Low-Pressure
Sodium Lamps (Multiple-Supply Type)

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM B 1 (1995) Hard-Drawn Copper Wire

ASTM B 8 (1999) Concentric-Lay-Stranded Copper
Conductors, Hard, Medium-Hard, or Soft

ASTM D 709 (2000) Laminated Thermosetting Materials

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C37.13 (1990; R 1995) Low-Voltage AC Power Circuit
Breakers Used in Enclosures

IEEE C57.13 (1993) Instrument Transformers

IEEE C62.41 (1991; R 1995) Surge Voltages in
Low-Voltage AC Power Circuits

IEEE Std 242 (1986; R 1991) Recommended Practice for
Protection and Coordination of Industrial
and Commercial Power Systems

IEEE Std 399 (1997) Recommended Practice for Industrial
and Commercial Power Systems Analysis

IEEE Std 81 (1983) Guide for Measuring Earth
Resistivity, Ground Impedance, and Earth
Surface Potentials of a Ground System (Part
1) \$31.00$\F

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (1997) Enclosures for Electrical Equipment
(1000 Volts Maximum)

NEMA AB 1 (1993) Molded Case Circuit Breakers and
Molded Case Switches

NEMA FU 1 (1986) Low Voltage Cartridge Fuses

NEMA ICS 1 (1993) Industrial Control and Systems

NEMA ICS 2 (1993) Industrial Controls and Systems
Controllers, Contactors, and Overload
Relays Rated Not More Than 2,000 Volts AC
or 750 Volts DC

NEMA ICS 3 (1993) Industrial Control and Systems
Factory Built Assemblies
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NEMA ICS 6 (1993) Industrial Control and Systems,
Enclosures

NEMA LE 4 (1987) Recessed Luminaires, Ceiling
Compatibility

NEMA MG 1 (1998) Motors and Generators

NEMA MG 10 (1994) Energy Management Guide for
Selection and Use of Polyphase Motors

NEMA OS 1 (1996) Sheet-Steel Outlet Boxes, Device
Boxes, Covers, and Box Supports

NEMA PB 1 (1995) Panelboards

NEMA RN 1 (1998) Polyvinyl-Chloride (PVC) Externally
Coated Galvanized Rigid Steel Conduit and
Intermediate Metal Conduit

NEMA SG 3 (1995) Power Switching Equipment

NEMA ST 20 (1992) Dry-Type Transformers for General
Applications

NEMA TC 2 (1998) Electrical Polyvinyl Chloride (PVC)
Tubing (EPT) and Conduit (EPC-40 and EPC-80)

NEMA VE 1 (1996) Metal Cable Tray Systems

NEMA WD 1 (1999) General Requirements for Wiring
Devices

NEMA WD 6 (1997) Wiring Devices - Dimensional
Requirements

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 101 (2000) Life Safety Code

NFPA 70 (2002) National Electrical Code

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

47 CFR 18 Industrial, Scientific, and Medical
Equipment

UNDERWRITERS LABORATORIES (UL)

UL 1 (2000) Flexible Metal Conduit

UL 1004 (1994; Rev thru Nov 1999) Electric Motors

UL 1010 (1995; Rev thru Mar 1999) Receptical-Plug
Combinations for Use in Hazardous
(Classified) Locations

UL 1022 (1998) Line Isolation Monitors
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UL 1029 (1994; Rev thru Dec 1997)
High-Intensity-Discharge Lamp Ballasts

UL 1047 (1995; Rev Jul 1998) Isolated Power Systems
Equipment

UL 1242 (1996; Rev Mar 1998) Intermediate Metal
Conduit

UL 1449 (1996; Rev thru Dec 1999) Transient Voltage
Surge Suppressors

UL 1564 (1993; R Sep 1998) Industrial Battery
Chargers

UL 1569 (1999; Rev thru Jan 2000) Metal-Clad Cables

UL 1570 (1995; Rev thru Nov 1999) Fluorescent
Lighting Fixtures

UL 1571 (1995; Rev thru Nov 1999) Incandescent
Lighting Fixtures

UL 1572 (1995; Rev thru Nov 1999) High Intensity
Discharge Lighting Fixtures

UL 1660 (2000) Liquid-Tight Flexible Nonmetallic
Conduit

UL 198D (1995) Class K Fuses

UL 198E (1988; Rev Jul 1988) Class R Fuses

UL 198G (1988; Rev May 1988) Fuses for
Supplementary Overcurrent Protection

UL 198L (1995; Rev May 1995) D-C Fuses for
Industrial Use

UL 20 (1995; Rev thru Oct 1998) General-Use Snap
Switches

UL 360 (1996; Rev thru Oct 1997) Liquid-Tight
Flexible Steel Conduit

UL 467 (1993; Rev thru Apr 1999) Grounding and
Bonding Equipment

UL 486A (1997; Rev thru Dec 1998) Wire Connectors
and Soldering Lugs for Use with Copper
Conductors

UL 486C (1997; Rev thru Aug 1998) Splicing Wire
Connectors

UL 486E (1994; Rev thru Feb 1997) Equipment Wiring
Terminals for Use with Aluminum and/or
Copper Conductors
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UL 489 (1996; Rev thru Dec 1998) Molded-Case
Circuit Breakers, Molded-Case Switches, and
Circuit-Breaker Enclosures

UL 5 (1996) Surface Metal Raceways and Fittings

UL 50 (1995; Rev thru Nov 1999) Enclosures for
Electrical Equipment

UL 506 (1994; R Oct 1997) Specialty Transformers

UL 508 (1999) Industrial Control Equipment

UL 510 (1994; Rev thru Apr 1998) Polyvinyl
Chloride, Polyethylene, and Rubber
Insulating Tape

UL 512 (1993; Rev thru Mar 1999) Fuseholders

UL 514A (1996; Rev Dec 1999) Metallic Outlet Boxes

UL 514B (1997; Rev Oct 1998) Fittings for Cable and
Conduit

UL 542 (1999) Lampholders, Starters, and Starter
Holders for Fluorescent Lamps

UL 6 (1997) Rigid Metal Conduit

UL 651 (1995; Rev thru Oct 1998) Schedule 40 and
80 Rigid PVC Conduit

UL 67 (1993; Rev thru Oct 1999) Panelboards

UL 674 (1994; Rev thru Oct 1998) Electric Motors
and Generators for Use in Division 1
Hazardous (Classified) Locations

UL 698 (1995; Rev thru Mar 1999) Industrial
Control Equipment for Use in Hazardous
(Classified) Locations

UL 797 (1993; Rev thru Mar 1997) Electrical
Metallic Tubing

UL 817 (1994; Rev thru May 1999) Cord Sets and
Power-

UL 83 (1998; Rev thru Sep 1999)
Thermoplastic-Insulated Wires and Cables

UL 844 (1995; Rev thru Mar 1999) Electric Lighting
Fixtures for Use in Hazardous (Classified)
Locations

UL 845 (1995; Rev thru Nov 1999) Motor Control
Centers
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UL 854 (1996; Rev Oct 1999) Service-Entrance Cables

UL 869A (1998) Reference Standard for Service
Equipment

UL 877 (1993; Rev thru Nov 1999) Circuit Breakers
and Circuit-Breaker Enclosures for Use in
Hazardous (Classified) Locations

UL 886 (1994; Rev thru Apr 1999) Outlet Boxes and
Fittings for Use in Hazardous (Classified)
Locations

UL 924 (1995; Rev thru Oct 97) Emergency Lighting
and Power Equipment

UL 935 (1995; Rev thru Oct 1998) Fluorescent-Lamp
Ballasts

UL 943 (1993; Rev thru May 1998) Ground-Fault
Circuit-Interrupters

UL 98 (1994; Rev thru Jun 1998) Enclosed and
Dead-Front Switches

UL Elec Const Dir (1999) Electrical Construction Equipment
Directory

1.2 GENERAL

1.2.1 Rules

The installation shall conform to the requirements of NFPA 70 and NFPA 101,
unless more stringent requirements are indicated or shown.

1.2.2 Coordination

The drawings indicate the extent and the general location and arrangement
of equipment, conduit, and wiring. The Contractor shall become familiar
with all details of the work and verify all dimensions in the field so that
the outlets and equipment shall be properly located and readily accessible.
Lighting fixtures, outlets, and other equipment and materials shall be

carefully coordinated with mechanical or structural features prior to
installation and positioned according to architectural reflected ceiling
plans; otherwise, lighting fixtures shall be symmetrically located
according to the room arrangement when uniform illumination is required, or
asymmetrically located to suit conditions fixed by design and shown.
Raceways, junction and outlet boxes, and lighting fixtures shall not be
supported from sheet metal roof decks. If any conflicts occur
necessitating departures from the drawings, details of and reasons for
departures shall be submitted and approved prior to implementing any
change. The Contractor shall coordinate the electrical requirements of the
mechanical work and provide all power related circuits, wiring, hardware
and structural support, even if not shown on the drawings.

1.2.3 Special Environments

1.2.3.1 Weatherproof Locations
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Wiring, Fixtures, and equipment in designated locations shall conform to
NFPA 70 requirements for installation in damp or wet locations.

1.2.3.2 Hazardous Locations

Wiring in locations indicated shall conform to the NFPA 70 for Class I ,
Division 1 hazardous locations. Equipment shall be suitable for Group D

1.2.3.3 Ducts, Plenums and Other Air-Handling Spaces

Wiring and equipment in ducts, plenums and other air-handling spaces shall
be installed using materials and methods in conformance with NFPA 70 unless
more stringent requirements are indicated in this specification or on the
contract drawings.

1.2.4 Standard Products

Material and equipment shall be a standard product of a manufacturer
regularly engaged in the manufacture of the product and shall essentially
duplicate items that have been in satisfactory use for at least 2 years
prior to bid opening.

1.2.5 Nameplates

1.2.5.1 Identification Nameplates

Major items of electrical equipment and major components shall be
permanently marked with an identification name to identify the equipment by
type or function and specific unit number as indicated. Designation of
motors shall coincide with their designation in the motor control center or
panel. Unless otherwise specified, identification nameplates shall be made
of laminated plastic in accordance with ASTM D 709 with black outer layers
and a white core. Edges shall be chamfered. Plates shall be fastened with
black-finished round-head drive screws, except motors, or approved
nonadhesive metal fasteners. When the nameplate is to be installed on an
irregular-shaped object, the Contractor shall devise an approved support
suitable for the application and ensure the proper installation of the
supports and nameplates. In all instances, the nameplate shall be
installed in a conspicuous location. At the option of the Contractor, the
equipment manufacturer's standard embossed nameplate material with black
paint-filled letters may be furnished in lieu of laminated plastic. The
front of each panelboard, motor control center, switchgear, and switchboard
shall have a nameplate to indicate the phase letter, corresponding color
and arrangement of the phase conductors. The following equipment, as a
minimum, shall be provided with identification nameplates:

Minimum 1/4 inch Minimum 1/8 inch
High Letters High Letters

Panelboards Control Power Transformers
Starters Control Devices
Safety Switches Instrument Transformers
Motor Control Centers
Transformers
Equipment Enclosures
Switchgear
Switchboards
Motors
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Each panel, section, or unit in motor control centers, switchgear or
similar assemblies shall be provided with a nameplate in addition to
nameplates listed above, which shall be provided for individual
compartments in the respective assembly, including nameplates which
identify "future," "spare," and "dedicated" or "equipped spaces."

1.2.6 As-Built Drawings

Following the project completion or turnover, within 30 days the Contractor
shall furnish 2 sets of as-built drawings to the Contracting Officer.

1.3 SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only. When
used, a designation following the "G" designation identifies the office
that will review the submittal for the Government. The following shall be
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Interior Electrical Equipment; G, AE.

Detail drawings consisting of equipment drawings, illustrations,
schedules, instructions, diagrams, and other information necessary
to define the installation. Detail drawings shall show the rating
of items and systems and how the components of an item and system
are assembled, function together, and how they will be installed on
the project. Data and drawings for component parts of an item or
system shall be coordinated and submitted as a unit. Data and
drawings shall be coordinated and included in a single submission.
Multiple submissions for the same equipment or system are not
acceptable except where prior approval has been obtained from the
Contracting Officer. In such cases, a list of data to be submitted
later shall be included with the first submission. Detail drawings
shall show physical arrangement, construction details, connections,
finishes, materials used in fabrication, provisions for conduit or
busway entrance, access requirements for installation and
maintenance, physical size, electrical characteristics, foundation
and support details, and equipment weight. Drawings shall be drawn
to scale and/or dimensioned. Optional items shall be clearly
identified as included or excluded. Detail drawings shall as a
minimum include:

a. Transformers.

b. Switchgear.

c. Battery system including calculations for the battery and
charger.

d. Raised Access Flooring Boxes.

e. Grounding resistors.

f. Motors and rotating machinery.

h. Cable tray systems. Including complete floor plan layouts;
indicating exact location of cable trays, fittings, risers,
offsets, floor pedestals, in floor boxes, details and all other
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devices in or on raised access flooring.

i. Single line electrical diagrams including primary,
metering, sensing and relaying, control wiring, and control logic.

j. Sway bracing for suspended luminaires.

Structural drawings showing the structural or physical features
of major equipment items, components, assemblies, and structures,
including foundations or other types of supports for equipment and
conductors. These drawings shall include accurately scaled or
dimensioned outline and arrangement or layout drawings to show the
physical size of equipment and components and the relative
arrangement and physical connection of related components. Weights
of equipment, components and assemblies shall be provided when
required to verify the adequacy of design and proposed construction
of foundations or other types of supports. Dynamic forces shall be
stated for switching devices when such forces must be considered in
the design of support structures. The appropriate detail drawings
shall show the provisions for leveling, anchoring, and connecting
all items during installation, and shall include any
recommendations made by the manufacturer.

Electrical drawings including single-line and three-line
diagrams, and schematics or elementary diagrams of each electrical
system; internal wiring and field connection diagrams of each
electrical device when published by the manufacturer; wiring
diagrams of cabinets, panels, units, or separate mountings;
interconnection diagrams that show the wiring between separate
components of assemblies; field connection diagrams that show the
termination of wiring routed between separate items of equipment;
internal wiring diagrams of equipment showing wiring as actually
provided for this project. Field wiring connections shall be
clearly identified.

If departures from the contract drawings are deemed necessary by
the Contractor, complete details of such departures, including
changes in related portions of the project and the reasons why,
shall be submitted with the detail drawings. Approved departures
shall be made at no additional cost to the Government.

SD-03 Product Data

Fault Current and Protective Device Coordination Study; G, AE.

The study shall be submitted along with protective device
equipment submittals. No time extensions or similar contract
modifications will be granted for work arising out of the
requirements for this study. Approval of protective devices
proposed shall be based on recommendations of this study, The
Government shall not be held responsible for any changes to
equipment, device ratings, settings, or additional labor for
installation of equipment or devices ordered and/or procured prior
to approval of the study.

Manufacturer's Catalog; G, AE.

Data composed of catalog cuts, brochures, circulars,
specifications, product data, and printed information in sufficient
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detail and scope to verify compliance with the requirements of the
contract documents.

Material, Equipment, and Fixture Lists; G, AE.

A complete itemized listing of equipment and materials proposed
for incorporation into the work. Each entry shall include an item
number, the quantity of items proposed, and the name of the
manufacturer of each item.

Installation Procedures; G, AE.

Installation procedures for rotating equipment, transformers,
switchgear and battery systems, Procedures shall include
diagrams, instructions, and precautions required to install,
adjust, calibrate, and test devices and equipment.

As-Built Drawings; G.

The as-built drawings shall be a record of the construction as
installed. The drawings shall include all the information shown on
the contract drawings, deviations, modifications, and changes from
the contract drawings, however minor. The as-built drawings shall
be kept at the job site and updated daily. The as-built drawings
shall be a full-sized set of prints marked to reflect all
deviations, changes, and modifications. The as-built drawings
shall be complete and show the location, size, dimensions, part
identification, and other information. Additional sheets may be
added. The as-built drawings shall be jointly inspected for
accuracy and completeness by the Contractor's quality control
representative and by the Contracting Officer prior to the
submission of each monthly pay estimate. Upon completion of the
work, the Contractor shall submit three full sized sets of the
marked prints to the Contracting Officer for approval. If upon
review, the as-built drawings are found to contain errors and/or
omissions, they will be returned to the Contractor for correction.
The Contractor shall correct and return the as-built drawings to
the Contracting Officer for approval within ten calendar days from
the time the drawings are returned to the Contractor.

Onsite Tests; G.

A detailed description of the Contractor's proposed procedures
for on-site tests.

SD-06 Test Reports

Factory Test Reports; G, AE.

Six copies of the information described below in 8 1/2 x 11 inch
binders having a minimum of 5 rings from which material may readily
be removed and replaced, including a separate section for each
test. Sections shall be separated by heavy plastic dividers with
tabs.

a. A list of equipment used, with calibration certifications.

b. A copy of measurements taken.
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c. The dates of testing.

d. The equipment and values to be verified.

e. The conditions specified for the test.

f. The test results, signed and dated.

g. A description of adjustments made.

Field Test Plan; G, AE.

A detailed description of the Contractor's proposed procedures
for onsite test submitted 30 days prior to testing the installed
system. No field test will be performed until the test plan is
approved. The test plan shall consist of complete field test
procedures including tests to be performed, test equipment
required, and tolerance limits.

Field Test Reports; G, AE.

Six copies of the information described below in 8 1/2 x 11 inch
binders having a minimum of 5 rings from which material may readily
be removed and replaced, including a separate section for each
test. Sections shall be separated by heavy plastic dividers with
tabs.

a. A list of equipment used, with calibration certifications.

b. A copy of measurements taken.

c. The dates of testing.

d. The equipment and values to be verified.

e. The conditions specified for the test.

f. The test results, signed and dated.

g. A description of adjustments made.

h. Final position of controls and device settings.

SD-07 Certificates

Materials and Equipment; G, AE.

The label or listing of the Underwriters Laboratories, Inc., will
be accepted as evidence that the materials or equipment conform to
the applicable standards of that agency. In lieu of this label or
listing, a statement from a nationally recognized, adequately
equipped testing agency indicating that the items have been tested
in accordance with required procedures and that the materials and
equipment comply with all contract requirements will be accepted.
However, materials and equipment installed in hazardous locations
must bear the UL label unless the data submitted from other testing
agency is specifically approved in writing by the Contracting
Officer. Items which are required to be listed and labeled in
accordance with Underwriters Laboratories must be affixed with a UL

SECTION 16415 Page 11



OPERATIONS SUPPORT CENTER, LANGLEY AIR FORCE BASE, VA MUHJ02-3010

label that states that it is UL listed. No exceptions or waivers
will be granted to this requirement. Materials and equipment will
be approved based on the manufacturer's published data.

For other than equipment and materials specified to conform to UL
publications, a manufacturer's statement indicating complete
compliance with the applicable standard of the American Society for
Testing and Materials, National Electrical Manufacturers
Association, or other commercial standard, is acceptable.

1.4 WORKMANSHIP

Materials and equipment shall be installed in accordance with NFPA 70,
recommendations of the manufacturer, and as shown.

1.5 SEISMIC REQUIREMENTS

Seismic details shall 16070A SEISMIC PROTECTION FOR ELECTRICAL EQUIPMENT

PART 2 PRODUCTS

Products shall conform to the respective publications and other
requirements specified below. Materials and equipment not listed below
shall be as specified elsewhere in this section. Items of the same
classification shall be identical including equipment, assemblies, parts,
and components.

2.1 CABLES AND WIRES

Conductors No. 8 AWG and larger diameter shall be stranded. Conductors No.
10 AWG and smaller diameter shall be solid, except that conductors for
remote control, alarm, and signal circuits, classes 1, 2, and 3, shall be
stranded unless specifically indicated otherwise. Conductor sizes and
ampacities shown are based on copper, unless indicated otherwise. All
conductors shall be copper.

2.1.1 Equipment Manufacturer Requirements

When manufacturer's equipment requires copper conductors at the
terminations or requires copper conductors to be provided between
components of equipment, provide copper conductors or splices, splice
boxes, and other work required to meet manufacturer's requirements.

2.1.2 Aluminum Conductors

Aluminum conductors shall not be used.

2.1.3 Insulation

Unless indicated otherwise, or required by NFPA 70, power and lighting
wires shall be 600-volt, Type THWN, THHN, or THW conforming to UL 83,
except that grounding wire may be type TW conforming to UL 83;
remote-control and signal circuits shall be Type TW, THW or TF, conforming
to UL 83. Where lighting fixtures require 90-degree Centigrade (C)
conductors, provide only conductors with 90-degree C insulation or better.

2.1.4 Bonding Conductors

ASTM B 1, solid bare copper wire for sizes No. 8 AWG and smaller diameter;
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ASTM B 8, Class B, stranded bare copper wire for sizes No. 6 AWG and larger
diameter.

2.1.5 Service Entrance Cables

Underground service entrance (USE) cables, UL 854.

2.1.6 Metal-Clad Cable (FOR UNDER RAISED ACCESS FLOOR BRANCH CIRCUITS ONLY)

UL 1569; NFPA 70, Type MC cable.

2.1.7 Cord Sets and Power-Supply Cords

UL 817.

2.2 CABLE TRAYS

Cable tray shall conform to NEMA VE 1, shall form a wireway system, and
shall be of nominal 4 inch depth. Cable trays shall be constructed of
aluminum . Trays shall include splice and end plates, dropouts, and
miscellaneous hardware. Edges, fittings, and hardware shall be finished
free from burrs and sharp edges. Fittings shall have not less than the
load-carrying ability of straight tray sections and shall have
manufacturer's minimum standard radius. Radius of bends shall be 24
inches or as required to fit around raised floor pedestals.

2.2.1 Ladder

Ladder-type cable trays shall be of nominal 18 inch width unless otherwise
indicated. Rung spacing shall be on 6 inch maximum centers. Provide all
required accessories, bends, t-offs, rises, runs, rise ups, turn down,
45's, 90's, ends, fittings, supports, ground connections, penetration
firestopping, etc., for a complete installation.

2.3 TRANSIENT VOLTAGE SURGE PROTECTION

Transient voltage surge suppressors shall be provided as indicated. Surge
suppressors shall meet the requirements of IEEE C62.41 and be UL listed and
labeled as having been tested in accordance with UL 1449. Surge suppressor
voltage ratings shall be volts rms, operating voltage as required for the
electrical characteristics installed on; 60 Hz; 3-phase; 4 wire with
ground; transient suppression voltage (peak let-through voltage) of 492
volts on 277/489 volt system and 250 volts on 120/208 volt system volts.
Fuses shall not be used as surge suppression. Type 1 TVSS where indicated
shall comply with all ratings for Category C3 in accordance with IEEE C62.41.
Type 2 TVSS where indicated shall comply with all ratings for Category B3
in accordance with IEEE C62.41. All TVSS devices shall comply with UL 1449.
Each TVSS shall comply with the following:

1. Integrally mounted, plug-in-style, solid-state, parallel-connected,
sine-wave tracking suppression and filtering modules with integral
disconnect.

2. Protection modes shall be as follows:

a. Line to neutral.
b. Line to ground.
c. Neutral to ground.
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3. EMI/RFI Noise Attenuation Using 50-ohm Insertion Loss Test: 55dB at
100 kHz.

4. Accessories shall include the following:

a. Form-C contacts, one normally open and one normally closed, for remote
monitoring of system operation. Contacts to reverse position on failure of
any surge diversion module.
b. Audible alarm activated on failure of any surge diversion module.
c. Six-digit transient-counter set to total transient surges that deviate
from the sine-wave envelope by more than 125 V.

Provide the following respective ratings:

For Type 1 TVSS:

1. The minimum single-impulse current rating shall be as follows:

a. Line to Neutral: 300,000 A.
b. Line to Ground: 300,000 A.
c. Neutral to Ground: 300,000 A.

2. The repetitive surge current capacity / mode number of impulses
shall be as follows:

a. Line to Neutral: 15,000 impulses.
b. Line to Ground: 15,000 impulses.
c. Neutral to Ground: 15,000 impulses.

For Type 2 TVSS:

1. The minimum single-impulse current rating shall be as follows:

a. Line to Neutral: 150,000 A.
b. Line to Ground: 150,000 A.
c. Neutral to Ground: 150,000 A.

2. The repetitive surge current capacity / mode number of impulses
shall be as follows:

a. Line to Neutral: 12,000 impulses.
b. Line to Ground: 12,000 impulses.
c. Neutral to Ground: 12,000 impulses.

2.4 CHARGERS, BATTERY

UL 1564. Battery chargers shall be general purpose, continuous current
output, with solid state rectifiers. Means shall be provided to regulate
and to adjust the dc output voltage. Chargers shall have continuous
current ratings of 10 to 15 percent higher than battery current outputs
based upon an 8-hour discharge.

2.5 CIRCUIT BREAKERS

2.5.1 MOLDED-CASE CIRCUIT BREAKERS
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Molded-case circuit breakers shall conform to NEMA AB 1 and UL 489 and UL
877for circuit breakers and circuit breaker enclosures located in hazardous
(classified) locations. Circuit breakers may be installed in panelboards,
switchboards, enclosures, , or combination motor controllers. Provide
circuit breakers 150 amperes and above for computer with shunt trip coil;
120 VAC.

2.5.1.1 Construction

Circuit breakers shall be suitable for mounting and operating in any
position. Lug shall be listed for copper and aluminum conductors in
accordance with UL 486E. Single-pole circuit breakers shall be full module
size with not more than one pole per module. Multi-pole circuit breakers
shall be of the common-trip type having a single operating handle such that
an overload or short circuit on any one pole will result in all poles
opening simultaneously. Sizes of 100 amperes or less may consist of
single-pole breakers permanently factory assembled into a multi-pole unit
having an internal, mechanical, nontamperable common-trip mechanism and
external handle ties. All circuit breakers shall have a quick-make,
quick-break overcenter toggle-type mechanism, and the handle mechanism
shall be trip-free to prevent holding the contacts closed against a
short-circuit or sustained overload. All circuit breaker handles shall
assume a position between "ON" and "OFF" when tripped automatically. All
ratings shall be clearly visible.

2.5.1.2 Ratings

Voltage ratings shall be not less than the applicable circuit voltage. The
interrupting rating of the circuit breakers shall be at least equal to the
available short-circuit current at the line terminals of the circuit
breaker and correspond to the UL listed integrated short-circuit current
rating specified for the panelboards and switchboards. Molded-case circuit
breakers shall have nominal voltage ratings, maximum continuous-current
ratings, and maximum short-circuit interrupting ratings in accordance with
NEMA AB 1. Ratings shall be coordinated with system X/R ratio.

2.5.1.3 Cascade System Ratings

Circuit breakers used in series combinations are not acceptable.

2.5.1.4 Thermal-Magnetic Trip Elements

Thermal magnetic circuit breakers shall be provided as shown. Automatic
operation shall be obtained by means of thermal-magnetic tripping devices
located in each pole providing inverse time delay and instantaneous circuit
protection. The instantaneous magnetic trip shall be adjustable and
accessible from the front of all circuit breakers on frame sizes above 225
amperes.

2.5.2 Solid-State Trip Elements

Solid-state circuit breakers shall be provided as shown. All electronics
shall be self-contained and require no external relaying, power supply, or
accessories. Printed circuit cards shall be treated to resist moisture
absorption, fungus growth, and signal leakage. All electronics shall be
housed in an enclosure which provides protection against arcs, magnetic
interference, dust, and other contaminants. Solid-state sensing shall
measure true RMS current with error less than one percent on systems with
distortions through the 13th harmonic. Peak or average actuating devices
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are not acceptable. Current sensors shall be torodial construction,
encased in a plastic housing filled with epoxy to protect against damage
and moisture and shall be integrally mounted on the breaker. Where
indicated on the drawings, circuit breaker frames shall be rated for 100
percent continuous duty. Circuit breakers shall have tripping features as
shown on the drawings and as described below:

a. Long-time current pick-up, adjustable from 50 percent to 100
percent of continuous current rating.

b. Adjustable long-time delay.

c. Short-time current pick-up, adjustable from 1.5 to 9 times
long-time current setting.

d. Adjustable short-time delay.

e. Short-time I square times t switch.

f. Instantaneous current pick-up, adjustable from 1.5 to 9 times
long-time current setting.

g. Ground-fault pick-up, adjustable from 20 percent to 60 percent of
sensor rating, but not greater than 1200 amperes. Sensing of
ground-fault current at the main bonding jumper or ground strap
will not be permitted. n.

h. Adjustable ground-fault delay.

i. Ground-fault I square times t switch.

j. short-time and ground-fault trip indicators shall be provided.

2.5.3 Current-Limiting Circuit Breakers

Current-limiting circuit breakers shall be provided as shown.
Current-limiting circuit breakers shall limit the let-through I square
times t to a value less than the I square times t of one-half cycle of the
symmetrical short-circuit current waveform. On fault currents below the
threshold of limitation, breakers shall provide conventional overload and
short-circuit protection. Integrally-fused circuit breakers shall not be
used.

2.5.4 SWD Circuit Breakers

Circuit breakers rated 15 amperes and intended to switch 277 volts or less
fluorescent lighting loads shall be marked "SWD."

2.5.5 HACR Circuit Breakers

Circuit breakers 60 amperes or below, 240 volts, 1-pole or 2-pole, intended
to protect multi-motor and combination-load installations involved in
heating, air conditioning, and refrigerating equipment shall be marked
"Listed HACR Type."

2.5.6 Low-Voltage Power

a. Construction:
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Low-voltage power circuit breakers shall conform to IEEE C37.13, ANSI C37.16,
and NEMA SG 3 and shall be three-pole, single-throw, stored energy,
electrically operated, with drawout mounting. Solid-state trip elements
which require no external power connections shall be provided. Circuit
breakers shall have an open/close contact position indicator,
charged/discharged stored energy indicator, primary disconnect devices, and
a mechanical interlock to prevent making or breaking contact of the primary
disconnects when the circuit breaker is closed. Control voltage shall be
48 V dc or120 V dc or 120 VAC. The circuit breaker enclosure shall be
suitable for its intended location. Provide coil coordinated operating
circuit from a source (transformer, rectifier, etc) in the breaker.

b. Ratings:

Voltage ratings shall be not less than the applicable circuit voltage.
Circuit breakers shall be rated for 100 percent continuous duty and shall
have trip current ratings and frame sizes as shown. Nominal voltage
ratings, maximum continuous-current ratings, and maximum short-circuit
interrupting ratings shall be in accordance with ANSI C37.16. Tripping
features shall be as follows:

1. Long-time current pick-up, adjustable from 50 percent to 100
percent of sensor current rating.

2. Adjustable long-time delay.

3. Short-time current pick-up, adjustable from 1.5 to 9 times
long-time current setting.

4. Adjustable short-time delay.

5. Short-time I square times t switch.

6. Instantaneous current pick-up, adjustable from 1.5 to 9 times
long-time current setting.

7. Ground-fault pick-up, adjustable from 20 percent to 60 percent
of sensor rating, but in no case greater than 1200 amperes.
Sensing of ground-fault current at the main bonding jumper or
ground strap shall not be permitted.

8. Adjustable ground-fault delay.

9. Ground-fault I square times t switch.

10. short-circuit and ground-fault trip indicators shall be
provided.

2.5.7 Ground Fault Circuit Interrupters

UL 943. Breakers equipped with ground fault circuit interrupters shall
have ground fault class, interrupting capacity, and voltage and current
ratings as indicated.

2.6 MOTOR SHORT-CIRCUIT PROTECTOR (MSCP)

Motor short-circuit protectors shall conform to UL 508 and shall be
provided as shown. Protectors shall be used only as part of a combination
motor controller which provides coordinated motor branch-circuit overload
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and short-circuit protection, and shall be rated in accordance with the
requirements of NFPA 70.

2.6.1 Construction

Motor short-circuit protector bodies shall be constructed of high
temperature, dimensionally stable, long life, nonhygroscopic materials.
Protectors shall fit special MSCP mounting clips and shall not be
interchangeable with any commercially available fuses. Protectors shall
have 100 percent one-way interchangeability within the A-Y letter
designations. All ratings shall be clearly visible.

2.6.2 Ratings

Voltage ratings shall be not less than the applicable circuit voltage.
Letter designations shall be A through Y for motor controller Sizes 0, 1,
2, 3, 4, and 5, with 100,000 amperes interrupting capacity rating. Letter
designations shall correspond to controller sizes as follows:

CONTROLLER SIZE MSCP DESIGNATION

NEMA O A-N

NEMA 1 A-P

NEMA 2 A-S

NEMA 3 A-U

NEMA 4 A-W

NEMA 5 A-Y

2.7 CONDUIT AND TUBING

2.7.1 Electrical, Zinc-Coated Steel Metallic Tubing (EMT)

UL 797

2.7.2 Flexible Conduit, Steel and Plastic

General-purpose type, UL 1; liquid tight, UL 360, and UL 1660.

2.7.3 Intermediate Metal Conduit

UL 1242.

2.7.4 PVC Coated Rigid Steel Conduit

NEMA RN 1.

2.7.5 Rigid Metal Conduit

UL 6.

2.7.6 Rigid Plastic Conduit (Below slab only)

NEMA TC 2, UL 651 .
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2.7.7 Surface Metal Electrical Raceways and Fittings

UL 5.

2.8 CONDUIT AND DEVICE BOXES AND FITTINGS

2.8.1 Boxes, Metallic Outlet

NEMA OS 1 and UL 514A.

2.8.2 Boxes, Outlet for Use in Hazardous (Classified) Locations

UL 886.

2.8.3 Boxes, Switch (Enclosed), Surface-Mounted

UL 98.

2.8.4 Fittings for Conduit and Outlet Boxes

UL 514B.

2.8.5 Fittings For Use in Hazardous (Classified) Locations

UL 886.

2.8.6 Fittings, PVC, for Use with Rigid PVC Conduit and Tubing

UL 514B.

2.9 CONDUIT COATINGS PLASTIC RESIN SYSTEM

NEMA RN 1, Type A-40.

2.10 CONNECTORS, WIRE PRESSURE

2.10.1 For Use With Copper Conductors

UL 486A.

2.11 ELECTRICAL GROUNDING AND BONDING EQUIPMENT

UL 467.

2.11.1 Ground Rods

Ground rods shall be of copper-clad steel conforming to UL 467 not less
than 3/4 inch in diameter by 10 feet in length of the sectional type driven
full length into the earth.

2.11.2 Ground Bus

The ground bus shall be bare conductor or flat copper in one piece, if
practicable.

2.12 ENCLOSURES

NEMA ICS 6 or NEMA 250 or UL 698 for use in hazardous (classified)
locations, unless otherwise specified.
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2.12.1 Cabinets and Boxes

Cabinets and boxes with volume greater than 100 cubic inches shall be in
accordance with UL 50, hot-dip, zinc-coated, if sheet steel.

2.12.2 Circuit Breaker Enclosures

UL 489.

2.12.3 Circuit Breaker Enclosures for Use in Hazardous (Classified)
Locations

UL 877.

2.13 LIGHTING FIXTURES, LAMPS, BALLASTS, EMERGENCY EQUIPMENT, CONTROLS AND
ACCESSORIES

The following specifications are supported and supplemented by information
and details on the drawings. Additional fixtures, if shown, shall conform
to this specification. Lighting equipment installed in classified
hazardous locations shall conform to UL 844. Lamps, lampholders, ballasts,
transformers, electronic circuitry and other lighting system components
shall be constructed according to industry standards. Equipment shall be
tested and listed by a recognized independent testing laboratory for the
expected installation conditions. Equipment shall conform to the standards
listed below.

2.13.1 Lamps

Lamps shall be constructed to operate in the specified fixture, and shall
function without derating life or output as listed in published data.
Lamps shall meet the requirements of the Energy Policy Act of 1992.

a. Incandescent and tungsten halogen lamps shall be designed for 125
volt operation (except for low voltage lamps), shall be rated for
minimum life of 2,000 hours, and shall have color temperature
between 2,800 and 3,200 degrees Kelvin. Tungsten halogen lamps
shall incorporate quartz capsule construction. Lamps shall comply
with ANSI C78.20 and sections 238 and 270 of ANSI C78.21.

b. Fluorescent lamps shall be green-tipped and shall have color
temperature 3,500 degrees Kelvin. They shall be designed to
operate with the ballasts and circuitry of the fixtures in which
they will be used. Fluorescent lamps, including spares, shall be
manufactured by one manufacturer to provide for color and
performance consistency. Fluorescent lamps shall comply with ANSI
C78.1. Fluorescent tube lamp efficiencies shall meet or exceed the
following requirements.

T8, 32 watts (4' lamp) 2800 lumens
T8/U,31-32 watts (U-tube) 2600 lumens
T12/U,34 watts (U-tube) 2700 lumens

(1) Linear fluorescent lamps, unless otherwise indicated, shall be
4 feet long 32 watt T8, 265 mA, with minimum CRI of 75. Lamps of
other lengths or types shall be used only where specified or shown.
Lamps shall deliver rated life when operated on rapid start

ballasts .
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(2) Small compact fluorescent lamps shall be twin, double, or
triple tube configuration as shown with bi-pin or four-pin snap-in
base and shall have minimum CRI of 85. They shall deliver rated
life when operated on ballasts as shown. 9 and 13 watt double tube
lamps shall comply with ANSI C78.2B. 18 and 26 watt double tube
lamps shall comply with ANSI C78.2A. Minimum starting temperature
shall be 32 degrees F for twin tube lamps and for double and triple
twin tube lamps without internal starter; and 15 degrees F for
double and triple twin tube lamps with internal starter.

(3) Long compact fluorescent lamps shall be 18, 27, 39, 40, 50, or
55 watt bi-axial type as shown with four-pin snap-in base; shall
have minimum CRI of 85; and shall have a minimum starting
temperature of 50 degrees F. They shall deliver rated life when
operated on rapid start ballasts .

c. High intensity discharge lamps, including spares, shall be
manufactured by one manufacturer in order to provide color and
performance consistency. High intensity discharge lamps shall be
designed to operate with the ballasts and circuitry of the fixtures
in which they will be used and shall have wattage, shape and base
as shown. High intensity discharge lamps, unless otherwise shown,
shall have medium or mogul screw base and minimum starting
temperature of -20 degrees F. Metal halide lamps, unless otherwise
shown, shall have minimum CRI of 65; color temperature of 4,300
degrees Kelvin; shall be -BU configuration if used in base-up
position; and shall be -H or high output configuration if used in
horizontal position. Lamps shall comply with all applicable ANSI
C78.1350, ANSI C78.1351, ANSI C78.1352, ANSI C78.1355,ANSI C78.1375,
and ANSI C78.1376.

2.13.2 Ballasts and Transformers

Ballasts or transformers shall be designed to operate the designated lamps
within their optimum specifications, without derating the lamps. Lamp and
ballast combinations shall be certified as acceptable by the lamp
manufacturer.

a. Low voltage incandescent transformers shall be Class II UL listed
120/12 volt or 120/24 volt step-down transformers as required for
the lamps shown. Transformers shall be high power factor type and
shall be rated for continuous operation under the specified load.
Transformers shall be encased or encased and potted, and mounted
integrally within the lighting fixture unless otherwise shown.

b. Fluorescent ballasts shall comply with ANSI C82.1 and shall be
mounted integrally within fluorescent fixture housing unless
otherwise shown. Ballasts shall have maximum current crest factor
of 1.7; high power factor; Class A sound rating; maximum operating
case temperature of 77 degrees F above ambient; and shall be rated
Class P. Unless otherwise indicated, the minimum number of
ballasts shall be used to serve each individual fixture. A single
ballast may be used to serve multiple fixtures if they are
continuously mounted, identically controlled and factory
manufactured for that installation with an integral wireway.

(1) Compact fluorescent ballasts shall comply with IEEE C62.41
Category A transient voltage variation requirements and shall be
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mounted integrally within compact fluorescent fixture housing
unless otherwise shown. Ballasts shall have minimum ballast factor
of 0.95; maximum current crest factor of 1.6; high power factor;
maximum operating case temperature of 77 degrees F above ambient;
shall be rated Class P; and shall have a sound rating of Class A.
Ballasts shall meet FCC Class A specifications for EMI/RFI
emissions. Ballasts shall operate from nominal line voltage of 120
or 277 volts at 60 Hz and maintain constant light output over a
line voltage variation of + 10%. Ballasts shall have an
end-of-lamp-life detection and shut-down circuit. Ballasts shall
be UL listed and shall contain no PCBs. Ballasts shall contain
potting to secure PC board, provide lead strain relief, and provide
a moisture barrier.

(2) Electronic fluorescent ballasts shall comply with 47 CFR 18
for electromagnetic interference. Ballasts shall withstand line
transients per IEEE C62.41, Category A. Ballasts shall have total
harmonic distortion between 10 and 20%; minimum frequency of
20,000Hz; filament voltage between 2.5 and 4.5 volts; maximum
starting inrush current of 20 amperes; and shall comply with the
minimum Ballast Efficacy Factors shown in the table below. Minimum
starting temperature shall be 50 degrees F or as shown. Ballasts
shall carry a manufacturer's full warranty of three years,
including a minimum $10 labor allowance per ballast.

ELECTRONIC FLUORESCENT BALLAST EFFICACY FACTORS

LAMP TYPE OF NOMINAL NUMBER MINIMUM
TYPE STARTER OPERATIONAL OF BALLAST

& LAMP VOLTAGE LAMPS EFFICACY
FACTOR

32W T8 rapid 120 or 277 V 1 2.54
start 2 1.44
linear & 3 0.93
U-tubes 4 0.73

__________________________________________________________________________

34W T12 rapid 120 or 277 V 1 2.64
start 2 1.41
linear & 3 0.93
U-tubes

__________________________________________________________________________

59W T8 rapid 120 or 277 V 2 0.80
start
linear

__________________________________________________________________________

60W T12 rapid 120 or 277 V 2 0.80
start
linear

(3) Magnetic fluorescent ballasts shall be energy-saving,
automatic resetting type, approved for the application by the
Certified Ballast Manufacturers and complying with ANSI C82.1 and
UL 935. Minimum ballast starting temperature shall be 40 degrees F
for normal service and 0 degrees F where cold temperature service
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is required. Magnetic fluorescent ballasts shall have a ballast
factor not less than shown in the following table:

MAGNETIC FLUORESCENT BALLAST FACTORS*

Design starting temperature above 40 degrees F with 60 Hz input frequency
__________________________________________________________________________

LAMP NUMBER NOMINAL TYPE OF MIN. BALLAST
TYPE OF OPERATIONAL STARTER FACTOR

LAMPS INPUT VOLTAGE & LAMP
__________ ______ _____________ _______ ____________

25W F25T8 1 120v rapid start .96
1 277v .96
2 120v .95
2 277v .94

32W F32T8 1 120v rapid start .96
1 277v .95
2 120v .85
2 277v .96

96W F96T8 1 120 or 277v instant start 1.10
___________________2______________________________________________.85_________

* For ballasts not specifically designed for use with dimming controls.

(4) Dimming fluorescent ballasts shall be electronic and shall
comply with the applicable electronic ballast specifications shown
above. Dimming ballasts shall be compatible with the specified
dimming control equipment and shall operate the lamps shown in the
range from full rated light output to 1 percent of full rated light
output. Dimming ballasts shall provide smooth square law dimming
such that perceived dimming action is proportionate to the motion
of the dimming control. Single or two-lamp dimming ballasts shall
be used. Multi-lamp dimming ballasts shall be designed to operate
lamps of the same length and current rating.

(5) Dimming compact fluorescent ballasts shall be electronic and
shall comply with the applicable compact fluorescent and dimming
ballast specifications shown above. Ballasts shall operate the
lamps shown in the range from full rated light output to 5 percent
of full rated light output. Ballast power factor shall be <90%
throughout dimming range. THD shall be <10% at maximum light
output and <20% at minimum light output. Ballast shall ignite the
lamps at any light output setting selected.

c. High intensity discharge ballasts shall comply with UL 1029 and, if
multiple supply types, with ANSI C82.4. Ballasts shall have
minimum ballast factor of 0.9; high power factor; Class A sound
rating; and maximum operating case temperature of 77 degrees F
above ambient.

(1) Electronic high intensity discharge ballasts shall be constant
wattage autotransformer type; shall have less than 10% ballast
loss; shall have total harmonic distortion between 10 and 20%; and
shall have a minimum starting temperature of 0 degrees F.

(2) Magnetic high intensity discharge ballasts shall have a
minimum starting temperature of -20 degrees F.
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2.13.3 Fixtures

Fixtures shall be in accordance with the size, shape, appearance, finish,
and performance shown. Unless otherwise indicated, lighting fixtures shall
be provided with housings, junction boxes, wiring, lampholders, mounting
supports, trim, hardware and accessories for a complete and operable
installation. Recessed housings shall be minimum 20 gauge cold rolled or
galvanized steel as shown. Extruded aluminum fixtures shall have minimum
wall thickness of 0.125 inches. Plastic lenses shall be 100% virgin
acrylic or as shown. Glass lenses shall be tempered. Heat resistant glass
shall be borosilicate type. Conoid recessed reflector cones shall be
Alzak with clear specular low iridescent finish.

a. Incandescent fixtures shall comply with UL 1571. Incandescent
fixture specular reflector cone trims shall be integral to the cone
and shall be finished to match. Painted trim finishes shall be
white with minimum reflectance of 88%. Low voltage incandescent
fixtures shall have integral step-down transformers.

b. Fluorescent fixtures shall comply with UL 1570. Recessed ceiling
fixtures shall comply with NEMA LE 4. Fixtures shall be plainly
marked for proper lamp and ballast type to identify lamp diameter,
wattage, color and start type. Marking shall be readily visible to
service personnel, but not visible from normal viewing angles.
Fluorescent fixture lens frames on recessed and surface mounted
troffers shall be one assembly with mitered corners. Parabolic
louvers shall have a low iridescent finish and 45 degree cut-off.
Louver intersection joints shall be hairline type and shall conceal
mounting tabs or other assembly methods. Louvers shall be free
from blemishes, lines or defects which distort the visual surface.
Integral ballast and wireway compartments shall be easily
accessible without the use of special tools. Housings shall be
constructed to include grounding necessary to start the lamps.
Open fixtures shall be equipped with a sleeve, wire guard, or other
positive means to prevent lamps from falling. Medium bi-pin
lampholders shall be twist-in type with positive locking position.
Long compact fluorescent fixtures and fixtures utilizing U-bend
lamps shall have clamps or secondary lampholders to support the
free ends of the lamps.

c. High intensity discharge fixture shall comply with UL 1572.
Recessed ceiling fixtures shall comply with NEMA LE 4. Reflectors
shall be anodized aluminum. Fixtures for horizontal lamps shall
have position oriented lampholders. Lampholders shall be
pulse-rated to 5,000 volts. Fixtures indicated as classified or
rated for hazardous locations or special service shall be designed
and independently tested for the environment in which they are
installed. Recessed lens fixtures shall have extruded aluminum
lens frames. Ballasts shall be integral to fixtures and shall be
accessible without the use of special tools. Remote ballasts shall
be encased and potted. Lamps shall be shielded from direct view
with a UV absorbing material such as tempered glass, and shall be
circuited through a cut-off switch which will shut off the lamp
circuit if the lens is not in place.

d. Emergency lighting fixtures and accessories shall be constructed
and independently tested to meet the requirements of applicable
codes. Batteries shall be Nicad or equal with no required
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maintenance, and shall have a minimum life expectancy of five years
and warranty period of three years.

e. Exit Signs

Exit signs shall be ENERGY STAR compliant, thereby meeting the following
requirements. Input power shall be less than 5 watts per face. Letter
size and spacing shall adhere to NFPA 101. Luminance contrast shall be

greater than 0.8. Average luminance shall be greater than 15 cd/m2

measured at normal (0 degree) and 45 degree viewing angles. Minimum

luminance shall be greater than 8.6 cd/m2 measured at normal and 45 degree
viewing angles. Maximum to minimum luminance shall be less than 20:1
measured at normal and 45 degree viewing angles. The manufacturer warranty
for defective parts shall be at least 5 years.

2.13.4 Lampholders, Starters, and Starter Holders

UL 542

2.14 LOW-VOLTAGE FUSES AND FUSEHOLDERS

2.14.1 Fuses, Low Voltage Cartridge Type

NEMA FU 1.

2.14.2 Fuses, Class K, High-Interrupting-Capacity Type

UL 198D.

2.14.3 Fuses, Class R

UL 198E.

2.14.4 Fuses for Supplementary Overcurrent Protection

UL 198G.

2.14.5 Fuses, D-C for Industrial Use

UL 198L.

2.14.6 Fuseholders

UL 512.

2.15 INSTRUMENTS, ELECTRICAL INDICATING

ANSI C39.1.

2.16 MOTORS, AC, FRACTIONAL AND INTEGRAL

Motors, ac, fractional and integral horsepower, 500 hp and smaller shall
conform to NEMA MG 1 and UL 1004for motors; NEMA MG 10 for energy
management selection of polyphase motors; and UL 674 for use of motors in
hazardous (classified) locations. In addition to the standards listed
above, motors shall be provided with efficiencies as specified in the table
"MINIMUM NOMINAL EFFICIENCIES" below.
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2.16.1 Rating

The horsepower rating of motors should be limited to no more than 125
percent of the maximum load being served unless a NEMA standard size does
not fall within this range. In this case, the next larger NEMA standard
motor size should be used.

2.16.2 Motor Efficiencies

All permanently wired polyphase motors of 1 hp or more shall meet the
minimum full-load efficiencies as indicated in the following table, and as
specified in this specification. Motors of 1 hp or more with open, drip
proof or totally enclosed fan cooled enclosures shall be high efficiency
type, unless otherwise indicated. Motor efficiencies indicated in the
tables apply to general-purpose, single-speed, polyphase induction motors.
Applications which require definite purpose, special purpose, special
frame, or special mounted polyphase induction motors are excluded from
these efficiency requirements. Motors provided as an integral part of
motor driven equipment are excluded from this requirement if a minimum
seasonal or overall efficiency requirement is indicated for that equipment
by the provisions of another section.

MINIMUM NOMINAL MOTOR EFFICIENCIES
OPEN DRIP PROOF MOTORS

kW 1200 RPM 1800 RPM 3600 RPM

0.746 82.5 85.5 80.0
1.12 86.5 86.5 85.5
1.49 87.5 86.5 86.5
2.24 89.5 89.5 86.5
3.73 89.5 89.5 89.5
5.60 91.7 91.0 89.5
7.46 91.7 91.7 90.2

11.2 92.4 93.0 91.0
14.9 92.4 93.0 92.4
18.7 93.0 93.6 93.0
22.4 93.6 93.6 93.0
29.8 94.1 94.1 93.6
37.3 94.1 94.5 93.6
44.8 95.0 95.0 94.1
56.9 95.0 95.0 94.5
74.6 95.0 95.4 94.5
93.3 95.4 95.4 95.0

112.0 95.8 95.8 95.4
149.0 95.4 95.8 95.4
187.0 95.4 96.2 95.8
224.0 95.4 95.0 95.4
261.0 94.5 95.4 95.0
298.0 94.1 95.8 95.0
336.0 94.5 95.4 95.4
373.0 94.5 94.5 94.5

TOTALLY ENCLOSED FAN-COOLED MOTORS

kW 1200 RPM 1800 RPM 3600 RPM

0.746 82.5 85.5 78.5
1.12 87.5 86.5 85.5
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TOTALLY ENCLOSED FAN-COOLED MOTORS
1.49 88.5 86.5 86.5
2.24 89.5 89.5 88.5
3.73 89.5 89.5 89.5
5.60 91.7 91.7 91.0
7.46 91.7 91.7 91.7

11.2 92.4 92.4 91.7
14.9 92.4 93.0 92.4
18.7 93.0 93.6 93.0
22.4 93.6 93.6 93.0
29.8 94.1 94.1 93.6
37.3 94.1 94.5 94.1
44.8 94.5 95.0 94.1
56.9 95.0 95.4 94.5
74.6 95.4 95.4 95.0
93.3 95.4 95.4 95.4

112.0 95.8 95.8 95.4
149.0 95.8 96.2 95.8
187.0 95.6 96.2 95.9
224.0 95.4 96.1 95.8
261.0 94.5 96.2 94.8
298.0 94.5 95.8 94.5
336.0 94.5 94.5 94.5
373.0 94.5 94.5 94.5

MINIMUM NOMINAL MOTOR EFFICIENCIES
OPEN DRIP PROOF MOTORS

HP 1200 RPM 1800 RPM 3600 RPM

1 82.5 85.5 80.0
1.5 86.5 86.5 85.5
2 87.5 86.5 86.5
3 89.5 89.5 86.5
5 89.5 89.5 89.5
7.5 91.7 91.0 89.5

10 91.7 91.7 90.2
15 92.4 93.0 91.0
20 92.4 93.0 92.4
25 93.0 93.6 93.0
30 93.6 93.6 93.0
40 94.1 94.1 93.6
50 94.1 94.5 93.6
60 95.0 95.0 94.1
75 95.0 95.0 94.5

100 95.0 95.4 94.5
125 95.4 95.4 95.0
150 95.8 95.8 95.4
200 95.4 95.8 95.4
250 95.4 96.2 95.8
300 95.4 95.0 95.4
350 94.5 95.4 95.0
400 94.1 95.8 95.0
450 94.5 95.4 95.4
500 94.5 94.5 94.5

TOTALLY ENCLOSED FAN-COOLED MOTORS

HP 1200 RPM 1800 RPM 3600 RPM
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TOTALLY ENCLOSED FAN-COOLED MOTORS

1 82.5 85.5 78.5
1.5 87.5 86.5 85.5
2 88.5 86.5 86.5
3 89.5 89.5 88.5
5 89.5 89.5 89.5
7.5 91.7 91.7 91.0

10 91.7 91.7 91.7
15 92.4 92.4 91.7
20 92.4 93.0 92.4
25 93.0 93.6 93.0
30 93.6 93.6 93.0
40 94.1 94.1 93.6
50 94.1 94.5 94.1
60 94.5 95.0 94.1
75 95.0 95.4 94.5

100 95.4 95.4 95.0
125 95.4 95.4 95.4
150 95.8 95.8 95.4
200 95.8 96.2 95.8
250 95.6 96.2 95.9
300 95.4 96.1 95.8
350 94.5 96.2 94.8
400 94.5 95.8 94.5
450 94.5 94.5 94.5
500 94.5 94.5 94.5

2.17 MOTOR CONTROLS AND MOTOR CONTROL CENTERS

2.17.1 General

NEMA ICS 1, NEMA ICS 2, NEMA ICS 3 and NEMA ICS 6, and UL 508 and UL 845.
Panelboards supplying non-linear loads shall have neutrals sized for 200
percent of rated current.

2.17.2 Motor Starters

Combination starters shall be provided with circuit breakers, or the
contractor may provide combination starters in lieu of separate starter and
disconnectsfusible switches.

2.17.2.1 Reduced-Voltage Starters

Reduced-voltage starters shall be provided for polyphase motors 10 hp or
larger unless VFDS are indicated.. Reduced-voltage starters shall be of
the single-step autotransformer, reactor, or resistor type having an
adjustable time interval between application of reduced and full voltages
to the motors. Wye-delta reduced voltage starter or part winding increment
starter having an adjustable time delay between application of voltage to
first and second winding of motor may be used in lieu of the reduced
voltage starters specified above for starting of motor-generator sets,
centrifugally operated equipment or reciprocating compressors provided with
automatic unloaders.

2.17.3 Thermal-Overload Protection

Each motor of 1/8 hp or larger shall be provided with thermal-overload
protection. Polyphase motors shall have overload protection in each
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ungrounded conductor. The overload-protection device shall be provided
either integral with the motor or controller, or shall be mounted in a
separate enclosure. Unless otherwise specified, the protective device
shall be of the manually reset type. Single or double pole tumbler
switches specifically designed for alternating-current operation only may
be used as manual controllers for single-phase motors having a current
rating not in excess of 80 percent of the switch rating.

2.17.4 Low-Voltage Motor Overload Relays

2.17.4.1 General

Thermal overload relays shall conform to NEMA ICS 2 and UL 508. Overload
protection shall be provided either integral with the motor or motor
controller, and shall be rated in accordance with the requirements of NFPA
70. Standard units shall be used for motor starting times up to 7
seconds.Quick trip units shall be used on hermetically sealed, submersible
pumps, and similar motors.

2.17.4.2 Construction

Manual reset type thermal relay shall be melting alloy or bimetallic
construction. Automatic reset type thermal relays shall be bimetallic
construction. Magnetic current relays shall consist of a contact mechanism
and a dash pot mounted on a common frame.

2.17.4.3 Ratings

Voltage ratings shall be not less than the applicable circuit voltage.
Trip current ratings shall be established by selection of the replaceable
overload device and shall not be adjustable. Where the controller is
remotely-located or difficult to reach, an automatic reset, non-compensated
overload relay shall be provided. Manual reset overload relays shall be
provided otherwise, and at all locations where automatic starting is
provided. Where the motor is located in a constant ambient temperature,
and the thermal device is located in an ambient temperature that regularly
varies by more than minus 18 degrees F, an ambient temperature-compensated
overload relay shall be provided.

2.17.5 Automatic Control Devices

2.17.5.1 Direct Control

Automatic control devices (such as thermostats, float or pressure switches)
which control the starting and stopping of motors directly shall be
designed for that purpose and have an adequate horsepower rating.

2.17.5.2 Pilot-Relay Control

Where the automatic-control device does not have such a rating, a magnetic
starter shall be used, with the automatic-control device actuating the
pilot-control circuit.

2.17.5.3 Manual/Automatic Selection

a. Where combination manual and automatic control is specified and the
automatic-control device operates the motor directly, a
double-throw, three-position tumbler or rotary switch (marked
MANUAL-OFF-AUTOMATIC) shall be provided for the manual control.
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b. Where combination manual and automatic control is specified and the
automatic-control device actuates the pilot control circuit of a
magnetic starter, the magnetic starter shall be provided with a
three-position selector switch marked MANUAL-OFF-AUTOMATIC.

c. Connections to the selector switch shall be such that; only the
normal automatic regulatory control devices will be bypassed when
the switch is in the Manual position; all safety control devices,
such as low-or high-pressure cutouts, high-temperature cutouts, and
motor-overload protective devices, shall be connected in the
motor-control circuit in both the Manual and the Automatic
positions of the selector switch. Control circuit connections to
any MANUAL-OFF-AUTOMATIC switch or to more than one automatic
regulatory control device shall be made in accordance with wiring
diagram approved by the Contracting Officer unless such diagram is
included on the drawings. All controls shall be 120 volts or less
unless otherwise indicated.

2.18 PANELBOARDS

Dead-front construction, NEMA PB 1 and UL 67.

2.19 RECEPTACLES
All receptacles that are connected to an uninterruptible power supply (UPS)
shall have a yellow color body and face. All other receptacles shall be
ivory color.

2.19.1 Heavy Duty Grade

NEMA WD 1. Devices shall conform to all requirements for heavy duty
receptacles.

2.19.2 Ground Fault Interrupters

UL 943, Class A or B.

2.19.3 Hazardous (Classified) Locations

UL 1010.

2.19.4 NEMA Standard Receptacle Configurations

NEMA WD 6.

d. 30-Ampere, 125/250 Volt

Three-pole, 3-wire, non-locking: NEMA type 10-30R, locking: NEMA type
L10-30R. Three-pole, 4-wire grounding, non-locking: NEMA type 14-30R,
locking: NEMA type L14-30R.

e. 30-Ampere, 250 Volt

Two-pole, 3-wire grounding, non-locking: NEMA type 6-30R, locking: NEMA
type L6-30R. Three-pole, 4-wire grounding, non-locking: NEMA type 15-30R,
locking: NEMA type L15-30R.

2.20 Service Entrance Equipment

UL 869A.
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2.21 SPLICE, CONDUCTOR

UL 486C.

2.22 POWER-SWITCHGEAR ASSEMBLIES INCLUDING SWITCHBOARDS AND SWITCHGEAR

2.23 SNAP SWITCHES

UL 20.

2.24 TAPES

2.24.1 Plastic Tape

UL 510.

2.24.2 Rubber Tape

UL 510.

2.25 TRANSFORMERS

Single- and three-phase transformers shall have two windings per phase.
Full-capacity standard NEMA taps shall be provided in the primary windings
of transformers unless otherwise indicated. Three-phase transformers shall
be configured with delta-wye windings, except as indicated. "T"
connections may be used for transformers rated 15 kVA or below.
Transformers supplying non-linear loads shall be UL listed as suitable for
supplying such loads with a total K-factor not to exceed K-13 and have
neutrals sized for 200 percent of rated current.

2.25.1 Transformers, Dry-Type

Transformers shall have 220 degrees C insulation system for transformers 15
kVA and greater, and shall have 180 degrees C insulation system for
transformers rated 10 kVA and less, with temperature rise not exceeding 80
degrees C under full-rated load in maximum ambient temperature of 40
degrees C. Transformer of 80 degrees C temperature rise shall be capable
of carrying continuously 130 percent of nameplate kVA without exceeding
insulation rating.

a. 600 Volt or Less Primary:

NEMA ST 20, UL 506, general purpose, dry-type, self-cooled, ventilated .
Transformers shall be provided in NEMA 1 enclosure. Transformers shall be
quiet type with maximum sound level at least 3 decibels less than NEMA
standard level for transformer ratings indicated.

2.25.2 Average Sound Level

The average sound level in decibels (dB) of transformers shall not exceed
the following dB level at 12 inches for the applicable kVA rating range
listed unless otherwise indicated:

kVA Range dB Sound Level

1-50 50
51-150 55
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kVA Range dB Sound Level
151-300 58
301-500 60
501-700 62
701-1000 64
1001-1500 65
1501 & above 70

2.26 ISOLATED POWER SYSTEM EQUIPMENT

UL 1047, with monitor UL 1022.

2.27 WIRING DEVICES

NEMA WD 1 for wiring devices, and NEMA WD 6 for dimensional requirements of
wiring devices.

2.28 COORDINATED POWER SYSTEM PROTECTION

Analyses shall be prepared to demonstrate that the equipment and system
constructed meet the specified requirements for equipment ratings,
coordination, and protection. They shall include a load flow analysis, a
fault current analysis, and protective device coordination study. The
studies shall be performed by a registered professional engineer with
demonstrated experience in power system coordination in the last three
years. The Contractor shall provide a list of references complete with
points of contact, addresses and telephone numbers. The selection of the
engineer is subject to the approval of the Contracting Officer.

2.28.1 Scope of Analyses

The fault current analysis, and protective device coordination study shall
begin at: the source bus and extend down to system buses where fault
availability is 10,000 amperes (symmetrical) for building/facility 600 volt
level distribution buses

2.28.2 Determination of Facts

The time-current characteristics, features, and nameplate data for each
existing protective device shall be determined and documented. The
Contractor shall coordinate with the base electrical engineer for fault
current availability at the site.

2.28.3 Single Line Diagram

A single line diagram shall be prepared to show the electrical system
buses, devices, transformation points, and all sources of fault current
(including generator and motor contributions). A fault-impedance diagram
or a computer analysis diagram may be provided. Each bus, device or
transformation point shall have a unique identifier. If a fault-impedance
diagram is provide, impedance data shall be shown. Locations of switches,
breakers, and circuit interrupting devices shall be shown on the diagram
together with available fault data, and the device interrupting rating.

2.28.4 Fault Current Analysis

2.28.4.1 Method
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The fault current analysis shall be performed in accordance with methods
described in IEEE Std 242, and IEEE Std 399.

2.28.4.2 Data

Actual data shall be utilized in fault calculations. Bus characteristics
and transformer impedances shall be those proposed. Data shall be
documented in the report.

2.28.4.3 Fault Current Availability

Balanced three-phase fault, bolted line-to-line fault, and line-to-ground
fault current values shall be provided at each voltage transformation point
and at each power distribution bus. The maximum and minimum values of
fault available at each location shall be shown in tabular form on the
diagram or in the report.

2.28.5 Coordination Study

The study shall demonstrate that the maximum possible degree of selectivity
has been obtained between devices specified, consistent with protection of
equipment and conductors from damage from overloads and fault conditions.
The study shall include a description of the coordination of the protective
devices in this project. Provide a written narrative that describes: which
devices may operate in the event of a fault at each bus; the logic used to
arrive at device ratings and settings; situation where system coordination
is not achievable due to device limitations (an analysis of any device
curves which order overlap); coordination between upstream and downstream
devices; and relay settings. Recommendations to improve or enhance system
reliability, and detail where such changes would involve additions or
modifications to the contract and cost changes (addition or reduction)
shall be provided. Composite coordination plots shall be provided on
log-log graph paper.

2.28.6 Study Report

a. The report shall include a narrative: the analyses performed; the
bases and methods used; and the desired method of coordinated
protection of the power system.

b. The study shall include descriptive and technical data for existing
devices and new protective devices proposed. The data shall
include manufacturers published data, nameplate data, and
definition of the fixed or adjustable features of the existing or
new protective devices.

c. The report shall document utility company data including system
voltages, fault MVA, system X/R ratio, time-current characteristic
curves, current transformer ratios, and relay device curves and
protective device ratings and settings.

d. The report shall contain fully coordinated composite time-current
characteristic curves for each bus in the system, as required to
ensure coordinated power system protection between protective
devices or equipment. The report shall include recommended ratings
and settings of all protective devices in tabulated form.

e. The report shall provide the calculations performed for the
analyses, including computer analysis programs utilized. The name
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of the software package, developer, and version number shall be
provided.

2.29 Raised Access Floor Box

UL 514A Die cast aluminum body. The box lid shall be a hinged style and
constructed of polycarbonate material. The box lid shall have a finish
color of brown. The lid shall provide a minimum of three (3) removable
cable guards for egress of power and communication workstation cables. The
cable guards shall hold workstation cables in place with the lid either in
the open or closed position. The trim flange shall be constructed of
polycarbonate material and have a minimum overall dimension of 8 3/4" x 10
3/4". The hinged lid and trim flange shall be available for either carpet
or tile floor applications. Coordinate the trim flange with the flooring in
the location where the box is installed. The wiring chamber shall provide
an upper and a lower compartment. The top compartment shall
be divided into three (3) separate compartments to accommodate a
combination of both power and communication wiring. These compartments
shall be separated by use of integral; die cast aluminum built in dividers.
The bottom compartment shall be available for either all power or all
communication wiring. The total Box Volume capacity shall have a minimum of
300 cubic inches. Provide locking tabs. Activation and connectivity outlets
and electrical outlets shall be as indicated on the drawings. The Raised
Access Floor Box shall be as manufactured by Walker Model AF3 or approved
equal. THE RAISED FLOOR BOXES SHALL BE PROVIDED BY THE RAISED FLOOR
MANUFACTURER, SECTION 10270A, "RAISED ACCESS FLOOR (RAF) SYSTEM". ALL
ACTIVATION, CONNECTION DEVICES (COMMUNICATIONS, FIBER OPTICS, COPPER
CABLING, POWER CABLING, ETC.) AND RECEPTACLES SHALL BE PROVIDED (SUPPLIED
BY THE ELECTRICAL CONTRACTOR) TO THE RAISED FLOORING MANUFACTURER AND
INSTALLED AT THE RAISED FLOORING MANUFACTIURER FACTORY. SEE OTHER
RESPECTIVE SPECIFICATIONS AND DRAWINGS FOR ACTIVATION AND CONNECTION
DEVICES SUCH AS COMMUNICATIONS, ETC.

PART 3 EXECUTION

3.1 GROUNDING

Grounding shall be in conformance with NFPA 70, the contract drawings, and
the following specifications.

3.1.1 Ground Rods

The resistance to ground shall be measured using the fall-of-potential
method described in IEEE Std 81. The maximum resistance of a driven ground
shall not exceed 5 ohms under normally dry conditions. If this resistance
cannot be obtained with a single rod, additional rods not less than 6 feet
on centers, or if sectional type rods are used. In high-ground-resistance,
UL listed chemically charged ground rods may be used. If the resultant
resistance exceeds 5 ohms measured not less than 48 hours after rainfall,
the Contracting Officer shall be notified immediately. Connections below
grade shall be fusion welded. Connections above grade shall be fusion
welded or shall use UL 467 approved connectors.

3.1.2 Ground Bus

Ground bus shall be provided in the electrical equipment rooms
communications rooms , server farms and as indicated. Noncurrent-carrying
metal parts of transformer neutrals and other electrical electrical
equipment shall be effectively grounded by bonding to the ground bus. The
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ground bus shall be bonded to both the entrance ground, and to a ground rod
or rods as specified above having the upper ends terminating approximately
4 inches above the floor. Connections and splices shall be of the brazed,
welded, bolted, or pressure-connector type, except that pressure connectors
or bolted connections shall be used for connections to removable equipment.
For raised floor equipment rooms in computer and data processing centers,

a minimum of 4, one at each corner, multiple grounding systems shall be
furnished. Connections shall be bolted type in lieu of thermoweld, so they
can be changed as required by additions and/or alterations.

3.1.3 Grounding Conductors

A green equipment grounding conductor, sized in accordance with NFPA 70
shall be provided, regardless of the type of conduit. Equipment grounding
bars shall be provided in all panelboards. The equipment grounding
conductor shall be carried back to the service entrance grounding
connection or separately derived grounding connection. All equipment
grounding conductors, including metallic raceway systems used as such,
shall be bonded or joined together in each wiring box or equipment
enclosure. Metallic raceways and grounding conductors shall be checked to
assure that they are wired or bonded into a common junction. Metallic
boxes and enclosures, if used, shall also be bonded to these grounding
conductors by an approved means per NFPA 70. When switches, or other
utilization devices are installed, any designated grounding terminal on
these devices shall also be bonded to the equipment grounding conductor
junction with a short jumper.

3.2 WIRING METHODS

Wiring shall conform to NFPA 70, the contract drawings, and the following
specifications. Unless otherwise indicated, wiring shall consist of
insulated conductors installed in rigid zinc-coated steel conduit rigid
plastic conduit (below slab only) electrical metallic tubingintermediate
metal conduit. Where cables and wires are installed in cable trays, they
shall be of the type permitted by NFPA 70 for use in such applications.
Wire fill in conduits shall be based on NFPA 70 for the type of conduit and
wire insulations specified. Wire fill in conduits located in Class I or II
hazardous areas shall be limited to 25 percent of the cross sectional area
of the conduit.

3.2.1 Conduit and Tubing Systems

Conduit and tubing systems shall be installed as indicated. Conduit sizes
shown are based on use of copper conductors with insulation types as
described in paragraph WIRING METHODS. Minimum size of raceways shall be
1/2 inch. Only metal conduits will be permitted when conduits are required
for shielding or other special purposes indicated, or when required by
conformance to NFPA 70. Nonmetallic conduit may be used below slab only.
Electrical metallic tubing (EMT) may be installed only within buildings.
EMT may be installed in concrete and grout in dry locations. EMT installed
in concrete or grout shall be provided with concrete tight fittings. EMT
shall not be installed in damp or wet locations, or the air space of
exterior masonry cavity walls. Bushings, manufactured fittings or boxes
providing equivalent means of protection shall be installed on the ends of
all conduits and shall be of the insulating type, where required by NFPA 70.
Only UL listed adapters shall be used to connect EMT to rigid metal

conduit, cast boxes, and conduit bodies. Penetrations of above grade
floor slabs, time-rated partitions and fire walls shall be firestopped in
accordance with Section 07840A FIRESTOPPING. Except as otherwise
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specified, IMC may be used as an option for rigid steel conduit in areas as
permitted by NFPA 70. Raceways shall not be installed under the firepits
of boilers and furnaces and shall be kept 6 inches away from parallel runs
of flues, steam pipes and hot-water pipes. Raceways shall be concealed
within finished walls, ceilings, and floors unless otherwise shown.
Raceways crossing structural expansion joints or seismic joints shall be
provided with suitable expansion fittings or other suitable means to
compensate for the building expansion and contraction and to provide for
continuity of grounding.

3.2.1.1 Pull Wires

A pull wire shall be inserted in each empty raceway in which wiring is to
be installed if the raceway is more than 50 feet in length and contains
more than the equivalent of two 90-degree bends, or where the raceway is
more than 150 feet in length. The pull wire shall be of No. 14 AWG
zinc-coated steel, or of plastic having not less than 200 pounds per square
inch tensile strength. Not less than 10 inches of slack shall be left at
each end of the pull wire.

3.2.1.2 Conduit Stub-Ups

Where conduits are to be stubbed up through concrete floors, a short elbow
shall be installed below grade to transition from the horizontal run of
conduit to a vertical run. A conduit coupling fitting, threaded on the
inside shall be installed, to allow terminating the conduit flush with the
finished floor. Wiring shall be extended in rigid threaded conduit to
equipment, except that where required, flexible conduit may be used 6 inches
above the floor. Empty or spare conduit stub-ups shall be plugged flush

with the finished floor with a threaded, recessed plug.

3.2.1.3 Below Slab-on-Grade or in the Ground

Electrical wiring below slab-on-grade shall be protected by a conduit
system. Conduit passing vertically through slabs-on-grade shall be rigid
steel or IMC. Rigid steel or IMC conduits installed below slab-on-grade or
in the earth shall be field wrapped with 0.010 inch thick pipe-wrapping
plastic tape applied with a 50 percent overlay, or shall have a
factory-applied polyvinyl chloride, plastic resin, or epoxy coating system.

3.2.1.4 Installing in Slabs Including Slabs on Grade

Conduit installed in slabs-on-grade shall be rigid steel or IMC. Conduits
shall be installed as close to the middle of concrete slabs as practicable
without disturbing the reinforcement. Outside diameter shall not exceed
1/3 of the slab thickness and conduits shall be spaced not closer than 3
diameters on centers except at cabinet locations where the slab thickness
shall be increased as approved by the Contracting Officer. Where conduit
is run parallel to reinforcing steel, the conduit shall be spaced a minimum
of one conduit diameter away but not less than one inch from the
reinforcing steel.

3.2.1.5 Changes in Direction of Runs

Changes in direction of runs shall be made with symmetrical bends or
cast-metal fittings. Field-made bends and offsets shall be made with an
approved hickey or conduit-bending machine. Crushed or deformed raceways
shall not be installed. Trapped raceways in damp and wet locations shall be
avoided where possible. Lodgment of plaster, dirt, or trash in raceways,
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boxes, fittings and equipment shall be prevented during the course of
construction. Clogged raceways shall be cleared of obstructions or shall
be replaced.

3.2.1.6 Supports

Metallic conduits and tubing,and the support system to which they are
attached, shall be securely and rigidly fastened in place to prevent
vertical and horizontal movement at intervals of not more than 10 feet and
within 3 feet of boxes, cabinets, and fittings, with approved pipe straps,
wall brackets, conduit clamps, conduit hangers, threaded C-clamps, beam
clamps, or ceiling trapeze. Loads and supports shall be coordinated with
supporting structure to prevent damage or deformation to the structure.
Loads shall not be applied to joist bridging. Attachment shall be by wood
screws or screw-type nails to wood; by toggle bolts on hollow masonry
units; by expansion bolts on concrete or brick; by machine screws, welded
threaded studs, heat-treated or spring-steel-tension clamps on steel work.
Nail-type nylon anchors or threaded studs driven in by a powder charge and
provided with lock washers and nuts may be used in lieu of expansion bolts
or machine screws. Raceways or pipe straps shall not be welded to steel
structures. Cutting the main reinforcing bars in reinforced concrete beams
or joists shall be avoided when drilling holes for support anchors. Holes
drilled for support anchors, but not used, shall be filled. In partitions
of light steel construction, sheet-metal screws may be used. Raceways
shall not be supported using wire or nylon ties. Raceways shall be
independently supported from the structure. Upper raceways shall not be
used as a means of support for lower raceways. Supporting means shall not
be shared between electrical raceways and mechanical piping or ducts.
Cables and raceways shall not be supported by ceiling grids. Except where
permitted by NFPA 70, wiring shall not be supported by ceiling support
systems. Conduits shall be fastened to sheet-metal boxes and cabinets with
two locknuts where required by NFPA 70, where insulating bushings are used,
and where bushings cannot be brought into firm contact with the box;
otherwise, a single locknut and bushing may be used. Threadless fittings
for electrical metallic tubing shall be of a type approved for the
conditions encountered. Additional support for horizontal runs is not
required when EMT rests on steel stud cutouts.

3.2.1.7 Exposed Raceways

Exposed raceways shall be installed parallel or perpendicular to walls,
structural members, or intersections of vertical planes and ceilings.
Raceways under raised floors and above accessible ceilings shall be
considered as exposed installations in accordance with NFPA 70 definitions.

3.2.1.8 Exposed Risers

Exposed risers in wire shafts of multistory buildings shall be supported by
U-clamp hangers at each floor level, and at intervals not to exceed 10
feet.

3.2.1.9 Communications Raceways

Communications raceways indicated shall be installed in accordance with the
previous requirements for conduit and tubing and with the additional
requirement that no length of run shall exceed 50 feet for 3/4 inch sizes,
and 100 feet for 1 inch or larger sizes, and shall not contain more than
two 90-degree bends or the equivalent. Additional pull or junction boxes
shall be installed to comply with these limitations whether or not
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indicated. Inside radii of bends in conduits of 1 inch size or larger
shall not be less than ten times the nominal diameter. Minimum conduit
size shall be 3/4 inch

3.2.2 Busway Systems

Busway systems shall be of the voltage, capacity, and phase characteristics
indicated. Vertical runs of busways within 6 feet of the floor shall have
solid enclosures. Busways shall be supported at intervals not exceeding 5
feet, and shall be braced properly to prevent lateral movement. Busways
penetrating walls or floors shall be provided with flanges to completely
close wall or floor openings.

3.2.3 Cable Trays

Cable trays shall be supported in accordance with the recommendations of
the manufacturer but at no more than 6 foot intervals and as indicated.
Contact surfaces of aluminum connections shall be coated with an
antioxidant compound prior to assembly. Adjacent cable tray sections shall
be bonded together by connector plates of an identical type as the cable
tray sections. The Contractor shall submit the manufacturer's
certification that the cable tray system meets all requirements of Article
318 of NFPA 70. The cable tray shall be installed and grounded in
accordance with the provisions of Article 318 of NFPA 70. Data submitted
by the Contractor shall demonstrate that the completed cable tray systems
will comply with the specified requirements. Cable trays shall terminate
10 inches from both sides of smoke and fire partitions. Conductors run
through smoke and fire partitions shall be installed in 4 inch rigid steel
conduits with grounding bushings, extending 12 inches beyond each side of
the partitions. The installation shall be sealed to preserve the smoke and
fire rating of the partitions. Penetrations shall be firestopped in
accordance with Section 07840A FIRESTOPPING.

3.2.4 Cables and Conductors

Installation shall conform to the requirements of NFPA 70. Covered, bare
or insulated conductors of circuits rated over 600 volts shall not occupy
the same equipment wiring enclosure, cable, or raceway with conductors of
circuits rated 600 volts or less.

3.2.4.1 Sizing

Unless otherwise noted, all sizes are based on copper conductors and the
insulation types indicated. Sizes shall be not less than indicated.
Branch-circuit conductors shall be not smaller than No. 12 AWG. Conductors
for branch circuits of 120 volts more than 100 feet long and of 277 volts
more than 230 feet long, from panel to load center, shall be no smaller
than No. 10 AWG. Class 1 remote control and signal circuit conductors
shall be not less than No. 14 AWG. Class 2 remote control and signal
circuit conductors shall be not less than No. 16 AWG. Class 3 low-energy,
remote-control and signal circuits shall be not less than No. 22 AWG.

3.2.4.2 Use of Aluminum Conductors in Lieu of Copper

Aluminum conductors shall not be used.

3.2.4.3 Cable Systems

Cable systems shall be installed where indicated.

SECTION 16415 Page 38



OPERATIONS SUPPORT CENTER, LANGLEY AIR FORCE BASE, VA MUHJ02-3010

3.2.4.4 Cable Splicing

Splices shall be made in an accessible location. Crimping tools and dies
shall be approved by the connector manufacturer for use with the type of
connector and conductor.

a. Copper Conductors, 600 Volt and Under: Splices in conductors No.
10 AWG and smaller diameter shall be made with an insulated,
pressure-type connector. Splices in conductors No. 8 AWG and
larger diameter shall be made with a solderless connector and
insulated with tape or heat-shrink type insulating material
equivalent to the conductor insulation.

c. Greater Than 600 Volt: Cable splices shall be made in accordance
with the cable manufacturer's recommendations and Section 16375A
ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND.

3.2.4.5 Conductor Identification and Tagging

Power, control, and signal circuit conductor identification shall be
provided within each enclosure where a tap, splice, or termination is made.
Where several feeders pass through a common pull box, the feeders shall be

tagged to indicate clearly the electrical characteristics, circuit number,
and panel designation. Phase conductors of low voltage power circuits
shall be identified by color coding. Phase identification by a particular
color shall be maintained continuously for the length of a circuit,
including junctions.

a. Color coding shall be provided for service, feeder, branch, and
ground conductors. Color shall be green for grounding conductors
and white for neutrals; except where neutrals of more than one
system are installed in the same raceway or box, other neutral
shall be white with colored (not green) stripe. The color coding
for 3-phase and single-phase low voltage systems shall be as
follows:

120/208-volt, 3-phase: Black(A), red(B), and blue(C).
277/480-volt, 3-phase: Brown(A), orange(B), and yellow(C).

b. Conductor phase and voltage identification shall be made by
color-coded insulation for all conductors smaller than No. 6 AWG.
For conductors No. 6 AWG and larger, identification shall be made
by color-coded insulation, or conductors with black insulation may
be furnished and identified by the use of half-lapped bands of
colored electrical tape wrapped around the insulation for a minimum
of 3 inches of length near the end, or other method as submitted by
the Contractor and approved by the Contracting Officer.

c. Control and signal circuit conductor identification shall be made
by color-coded insulated conductors, plastic-coated self-sticking
printed markers, permanently attached stamped metal foil markers,
or equivalent means as approved. Control circuit terminals of
equipment shall be properly identified. Terminal and conductor
identification shall match that shown on approved detail drawings.
Hand lettering or marking is not acceptable.

3.3 BOXES AND SUPPORTS
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Boxes shall be provided in the wiring or raceway systems where required by
NFPA 70 for pulling of wires, making connections, and mounting of devices
or fixtures. Pull boxes shall be furnished with screw-fastened covers.
Indicated elevations are approximate, except where minimum mounting heights
for hazardous areas are required by NFPA 70. Unless otherwise indicated,
boxes for wall switches shall be mounted 48 inches above finished floors.
Switch and outlet boxes located on opposite sides of fire rated walls shall
be separated by a minimum horizontal distance of 24 inches. The total
combined area of all box openings in fire rated walls shall not exceed 100
square inches per 100 square feet. Maximum box areas for individual boxes
in fire rated walls vary with the manufacturer and shall not exceed the
maximum specified for that box in UL Elec Const Dir. Only boxes listed in
UL Elec Const Dir shall be used in fire rated walls.

3.3.1 Box Applications

Each box shall have not less than the volume required by NFPA 70 for number
of conductors enclosed in box. Boxes for metallic raceways shall be listed
for the intended use when located in normally wet locations, when flush or
surface mounted on outside of exterior surfaces, or when located in
hazardous areas. Boxes installed in wet locations and boxes installed
flush with the outside of exterior surfaces shall be gasketed. Boxes for
mounting lighting fixtures shall be not less than 4 inches square, or
octagonal, except smaller boxes may be installed as required by fixture
configuration, as approved. Cast-metal boxes with 3/32 inch wall thickness
are acceptable. Large size boxes shall be NEMA 1 or as shown. Boxes in
other locations shall be sheet steel except that aluminum boxes may be used
with aluminum conduit, and nonmetallic boxes may be used with nonmetallic
conduit and tubing or nonmetallic sheathed cable system, when permitted by
NFPA 70. Boxes for use in masonry-block or tile walls shall be
square-cornered, tile-type, or standard boxes having square-cornered,
tile-type covers.

3.3.2 Brackets and Fasteners

Boxes and supports shall be fastened to wood with wood screws or screw-type
nails of equal holding strength, with bolts and metal expansion shields on
concrete or brick, with toggle bolts on hollow masonry units, and with
machine screw or welded studs on steel work. Threaded studs driven in by
powder charge and provided with lockwashers and nuts, or nail-type nylon
anchors may be used in lieu of expansion shields, or machine screws.
Penetration of more than 1-1/2 inches into reinforced-concrete beams or
more than 3/4 inch into reinforced-concrete joists shall avoid cutting any
main reinforcing steel. The use of brackets which depend on gypsum
wallboard or plasterboard for primary support will not be permitted. In
partitions of light steel construction, bar hangers with 1 inch long studs,
mounted between metal wall studs or metal box mounting brackets shall be
used to secure boxes to the building structure. When metal box mounting
brackets are used, additional box support shall be provided on the side of
the box opposite the brackets. This additional box support shall consist
of a minimum 12 inch long section of wall stud, bracketed to the opposite
side of the box and secured by two screws through the wallboard on each
side of the stud. Metal screws may be used in lieu of the metal box
mounting brackets.

3.3.3 Mounting in Walls, Ceilings, or Recessed Locations

In walls or ceilings of concrete, tile, or other non-combustible material,
boxes shall be installed so that the edge of the box is not recessed more
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than 1/4 inch from the finished surface. Boxes mounted in combustible
walls or ceiling material shall be mounted flush with the finished surface.
The use of gypsum or plasterboard as a means of supporting boxes will not
be permitted. Boxes installed for concealed wiring shall be provided with
suitable extension rings or plaster covers, as required. The bottom of
boxes installed in masonry-block walls for concealed wiring shall be
mounted flush with the top of a block to minimize cutting of the blocks,
and boxes shall be located horizontally to avoid cutting webs of block.
Separate boxes shall be provided for flush or recessed fixtures when
required by the fixture terminal operating temperature, and fixtures shall
be readily removable for access to the boxes unless ceiling access panels
are provided.

3.3.4 Installation in Overhead Spaces

In open overhead spaces, cast-metal boxes threaded to raceways need not be
separately supported except where used for fixture support; cast-metal
boxes having threadless connectors and sheet metal boxes shall be supported
directly from the building structure or by bar hangers. Hangers shall not
be fastened to or supported from joist bridging. Where bar hangers are
used, the bar shall be attached to raceways on opposite sides of the box
and the raceway shall be supported with an approved type fastener not more
than 24 inches from the box.

3.4 DEVICE PLATES

One-piece type device plates shall be provided for all outlets and
fittings. Plates on unfinished walls and on fittings shall be zinc-coated
sheet steel, cast-metal, or impact resistant plastic having rounded or
beveled edges. Plates on finished walls shall be satin finish corrosion
resistant stainless steel. Screws shall be of metal with countersunk
heads, in a color to match the finish of the plate. Plates shall be
installed with all four edges in continuous contact with finished wall
surfaces without the use of mats or similar devices. Plaster fillings will
not be permitted. Plates shall be installed with an alignment tolerance of
1/16 inch. The use of sectional-type device plates will not be permitted.
Plates installed in wet locations shall be gasketed and provided with a
hinged, gasketed cover, unless otherwise specified.

3.5 RECEPTACLES

3.5.1 Single and Duplex, 20-ampere, 125 volt

Single and duplex receptacles shall be rated 20 amperes, 125 volts,
two-pole, three-wire, grounding type with polarized parallel slots. Bodies
shall be of yellow for systems on UPS power and ivory for non-ups systems
and supported by mounting strap having plaster ears. Contact arrangement
shall be such that contact is made on two sides of an inserted blade.
Receptacle shall be side- or back-wired with two screws per terminal. The
third grounding pole shall be connected to the metal mounting yoke.
Switched receptacles shall be the same as other receptacles specified
except that the ungrounded pole of each suitable receptacle shall be
provided with a separate terminal. Only the top receptacle of a duplex
receptacle shall be wired for switching application. Receptacles with
ground fault circuit interrupters shall have the current rating as
indicated, and shall be UL Class A type unless otherwise shown. Ground
fault circuit protection shall be provided as required by NFPA 70 and as
indicated on the drawings.
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3.5.2 Weatherproof Applications

Weatherproof receptacles shall be suitable for the environment, damp or wet
as applicable, and the housings shall be labeled to identify the allowable
use. Receptacles shall be marked in accordance with UL 514A for the type
of use indicated; "Damp locations", "Wet Locations", "Wet Location Only
When Cover Closed". Assemblies shall be installed in accordance with the
manufacturer's recommendations.

3.5.2.1 Damp Locations

Receptacles in damp locations shall be mounted in an outlet box with a
gasketed, weatherproof, cast-metal cover plate (device plate, box cover)
and a gasketed cap (hood, receptacle cover) over each receptacle opening.
The cap shall be either a screw-on type permanently attached to the cover
plate by a short length of bead chain or shall be a flap type attached to
the cover with a spring loaded hinge.

3.5.2.2 Wet Locations

Receptacles in wet locations shall be installed in an assembly rated for
such use whether the plug is inserted or withdrawn, unless otherwise
indicated. In a duplex installation, the receptacle cover shall be
configured to shield the connections whether one or both receptacles are in
use. Assemblies which utilize a self-sealing boot or gasket to maintain
wet location rating shall be furnished with a compatible plug at each
receptacle location and a sign notifying the user that only plugs intended
for use with the sealing boot shall be connected during wet conditions.

3.5.3 Receptacles, 30-Ampere, 125/250-Volt

Receptacles, single, 30-ampere, 125/250-volt, shall be molded-plastic,
three-pole, four-wire, grounding type, complete with appropriate mating
cord-grip type attachment plug.

3.5.4 Special-Purpose or Heavy-Duty Receptacles

Special-purpose or heavy-duty receptacles shall be of the type and of
ratings and number of poles indicated or required for the anticipated
purpose. Contact surfaces may be either round or rectangular. One
appropriate straight or angle-type plug shall be furnished with each
receptacle. Locking type receptacles, rated 30 amperes or less, shall be
locked by rotating the plug. Locking type receptacles, rated more than 50
amperes, shall utilize a locking ring.

3.6 WALL SWITCHES

Wall switches shall be of the totally enclosed tumbler type. The wall
switch handle and switch plate color shall be ivory. Wiring terminals
shall be of the screw type or of the solderless pressure type having
suitable conductor-release arrangement. Not more than one switch shall be
installed in a single-gang position. Switches shall be rated
20-ampere277-volt for use on alternating current only. Pilot lights
indicated shall consist of yoke-mounted candelabra-base sockets rated at 75
watts, 125 volts, and fitted with glass or plastic jewels. A clear 6-watt
lamp shall be furnished and installed in each pilot switch. Jewels for use
with switches controlling motors shall be green, and jewels for other
purposes shall be red. Dimming switches shall be solid-state flush
mounted, sized for the loads.
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3.7 SERVICE EQUIPMENT

Service-disconnecting means shall be of the type indicated with an external
handle for manual operation. When service disconnecting means is a part of
an assembly, the assembly shall be listed as suitable for service entrance
equipment. Enclosures shall be sheet metal with hinged cover for surface
mounting unless otherwise indicated.

3.8 PANELBOARDS

Circuit breakers and switches used as a motor disconnecting means shall be
capable of being locked in the open position. Door locks shall be keyed
alike. Nameplates shall be as approved. Directories shall be typed to
indicate loads served by each circuit and mounted in a holder behind a
clear protective covering. Busses shall be copper.

3.8.1 Loadcenters

Loadcenters are not acceptable.

3.8.2 Panelboards

Panelboards shall be circuit breaker equipped as indicated on the
drawings.

3.9 FUSES

Equipment provided under this contract shall be provided with a complete
set of properly rated fuses when the equipment manufacturer utilize fuses
in the manufacture of the equipment, or if current-limiting fuses are
required to be installed to limit the ampere-interrupting capacity of
circuit breakers or equipment to less than the maximum available fault
current at the location of the equipment to be installed. Fuses shall have
a voltage rating of not less than the phase-to-phase circuit voltage, and
shall have the time-current characteristics required for effective power
system coordination. Time-delay and non-time-delay options shall be as
specified.

3.9.1 Cartridge Fuses; Current-Limiting Type

Cartridge fuses, current-limiting type, Class RK5 CC shall have tested
interrupting capacity not less than 200,000 amperes. Fuse holders shall be
the type that will reject all Class H fuses.

3.9.2 Continuous Current Ratings (600 Amperes and Smaller)

Service entrance and feeder circuit fuses (600 amperes and smaller) shall
be Class RK5 , current-limiting, time-delay with 200,000 amperes
interrupting capacity.

3.9.3 Motor and Transformer Circuit Fuses

Motor, motor controller, transformer, and inductive circuit fuses shall be
Class RK5, current-limiting, time-delay with 200,000 amperes interrupting
capacity.

3.10 UNDERGROUND SERVICE
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Unless otherwise indicated, interior conduit systems shall be stubbed out 5
feet beyond the building wall and 2 feet below finished grade, for
interface with the exterior service lateral conduits and exterior
communications conduits. Outside conduit ends shall be bushed when used
for direct burial service lateral conductors. Outside conduit ends shall be
capped or plugged until connected to exterior conduit systems. Underground
service lateral conductors will be extended to building service entrance
and terminated in accordance with the requirements of Section 16375A
ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND and NFPA 70.

3.11 MOTORS

Each motor shall conform to the hp and voltage ratings indicated, and shall
have a service factor and other characteristics that are essential to the
proper application and performance of the motors under conditions shown or
specified. Three-phase motors for use on 3-phase 208-volt systems shall
have a nameplate rating of 200 volts. Unless otherwise specified, all
motors shall have open frames, and continuous-duty classification based on
a 40 degree C ambient temperature reference. Polyphase motors shall be
squirrel-cage type, having normal-starting-torque and low-starting-current
characteristics, unless other characteristics are specified in other
sections of these specifications or shown on contract drawings. The
Contractor shall be responsible for selecting the actual horsepower ratings
and other motor requirements necessary for the applications indicated.
When electrically driven equipment furnished under other sections of these
specifications materially differs from the design, the Contractor shall
make the necessary adjustments to the wiring, disconnect devices and
branch-circuit protection to accommodate the equipment actually installed.

3.12 MOTOR CONTROL

Each motor or group of motors requiring a single control shall be provided
under other sections of these specifications with a suitable controller and
devices that will perform the functions as specified for the respective
motors. Each motor of 1/8 hp or larger shall be provided with
thermal-overload protection. Polyphase motors shall have overload
protection in each ungrounded conductor. The overload-protection device
shall be provided either integral with the motor or controller, or shall be
mounted in a separate enclosure. Unless otherwise specified, the
protective device shall be of the manually reset type. Single or double
pole tumbler switches specifically designed for alternating-current
operation only may be used as manual controllers for single-phase motors
having a current rating not in excess of 80 percent of the switch rating.
Automatic control devices such as thermostats, float or pressure switches
may control the starting and stopping of motors directly, provided the
devices used are designed for that purpose and have an adequate horsepower
rating. When the automatic-control device does not have such a rating, a
magnetic starter shall be used, with the automatic-control device actuating
the pilot-control circuit. When combination manual and automatic control
is specified and the automatic-control device operates the motor directly,
a double-throw, three-position tumbler or rotary switch shall be provided
for the manual control; when the automatic-control device actuates the
pilot control circuit of a magnetic starter, the latter shall be provided
with a three-position selector switch marked MANUAL-OFF-AUTOMATIC.
Connections to the selector switch shall be such that only the normal
automatic regulatory control devices will be bypassed when the switch is in
the Manual position; all safety control devices, such as low- or
high-pressure cutouts, high-temperature cutouts, and motor-overload
protective devices, shall be connected in the motor-control circuit in both

SECTION 16415 Page 44



OPERATIONS SUPPORT CENTER, LANGLEY AIR FORCE BASE, VA MUHJ02-3010

the Manual and the Automatic positions of the selector switch. Control
circuit connections to any MANUAL-OFF-AUTOMATIC switch or to more than one
automatic regulatory control device shall be made in accordance with wiring
diagram approved by the Contracting Officer unless such diagram is included
on the drawings. All controls shall be 120 volts or less unless otherwise
indicated.

3.12.1 Reduced-Voltage Controllers

Reduced-voltage controllers shall be provided for polyphase motors 10 hp or
larger except where VFD's are indicated. Reduced-voltage starters shall be
of the single-step autotransformer, reactor, or resistor type having an
adjustable time interval between application of reduced and full voltages
to the motors. Wye-delta reduced voltage starters or part winding
increment starters having an adjustable time delay between application of
voltage to first and second winding of motor may be used in lieu of the
reduced voltage starters specified above for starting of motor-generator
sets, centrifugally operated equipment or reciprocating compressors
provided with automatic unloaders.

3.12.2 Contacts

Unless otherwise indicated, contacts in miscellaneous control devices such
as float switches, pressure switches, and auxiliary relays shall have
current and voltage ratings in accordance with NEMA ICS 2 for rating
designation B300.

3.12.3 Safety Controls

Safety controls for boilers shall be connected to a 2-wire, 120 volt
grounded circuit supplied from the associated boiler-equipment circuit.
Where the boiler circuit is more than 120 volts to ground, safety controls
shall be energized through a two-winding transformer having its 120 volt
secondary winding grounded. Overcurrent protection shall be provided in
the ungrounded secondary conductor and shall be sized for the load
encountered.

3.13 MOTOR-DISCONNECT MEANS

Each motor shall be provided with a disconnecting means when required by
NFPA 70 even though not indicated. For single-phase motors, a single or
double pole toggle switch, rated only for alternating current, will be
acceptable for capacities less than 30 amperes, provided the ampere rating
of the switch is at least 125 percent of the motor rating. Switches shall
disconnect all ungrounded conductors.

3.14 TRANSFORMER INSTALLATION

Three-phase transformers shall be connected only in a delta-wye or
wye-delta configuration as indicated except isolation transformers having a
one-to-one turns ratio. "T" connections may be used for transformers rated
at 15 kVA or below. Dry-type transformers shown located within 5 feet of
the exterior wall shall be provided in a weatherproof enclosure.
Transformers to be located within the building may be provided in the
manufacturer's standard, ventilated indoor enclosure designed for use in 40
degrees C ambient temperature, unless otherwise indicated.

3.15 LIGHTING FIXTURES, LAMPS AND BALLASTS
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This paragraph shall cover the installation of lamps, lighting fixtures and
ballasts in interior or building mounted applications.

3.15.1 Lamps

Lamps of the type, wattage, and voltage rating indicated shall be delivered
to the project in the original cartons and installed just prior to project
completion. Lamps installed and used for working light during construction
shall be replaced prior to turnover to the Government if more than 15% of
their rated life has been used. Lamps shall be tested for proper operation
prior to turn-over and shall be replaced if necessary with new lamps from
the original manufacturer. 10% spare lamps of each type, from the original
manufacturer, shall be provided.

3.15.2 Lighting Fixtures

Fixtures shall be as shown and shall conform to the following
specifications and shall be as detailed on the drawings. Illustrations
shown on the drawings are indicative of the general type desired and are
not intended to restrict selection to fixtures of any particular
manufacturer. Fixtures of similar designs and equivalent energy
efficiency, light distribution and brightness characteristics, and of equal
finish and quality will be acceptable if approved. In suspended acoustical
ceilings with fluorescent fixtures, the fluorescent emergency light
fixtures shall be furnished with self-contained battery packs.

3.15.2.1 Accessories

Accessories such as straps, mounting plates, nipples, or brackets shall be
provided for proper installation.

3.15.2.2 Ceiling Fixtures

Ceiling fixtures shall be coordinated with and suitable for installation
in, on or from the ceiling as shown. Installation and support of fixtures
shall be in accordance with NFPA 70 and manufacturer's recommendations.
Where seismic requirements are specified herein, fixtures shall be
supported as shown or specified. Recessed fixtures shall have adjustable
fittings to permit alignment with ceiling panels. Recessed fixtures
installed in fire-resistive ceiling construction shall have the same fire
rating as the ceiling or shall be provided with fireproofing boxes having
materials of the same fire rating as the ceiling, in conformance withUL
Elec Const Dir. Surface-mounted fixtures shall be suitable for fastening
to the ceiling panel structural supports.

3.15.2.3 Fixtures for Installation in Grid Type Ceilings

Fixtures for installation in grid type ceilings which are smaller than a
full tile shall be centered in the tile. 1 by 4 foot fixtures shall be
mounted along the grid rail as shown. Work above the ceiling shall be
coordinated among the trades to provide the lighting layout shown.
Fixtures mounted to the grid shall have trim exactly compatible with the
grid. Contractor shall coordinate trims with ceiling trades prior to
ordering fixtures. Metric fixtures shall be designed to fit the metric
grid specified. Fixtures in continuous rows shall be coordinated between
trades prior to ordering. Fixtures shall be mounted using independent
supports capable of supporting the entire weight of the fixture. No
fixture shall rest solely on the ceiling grid. Recessed fixtures installed
in seismic areas should be installed utilizing specially designed seismic
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clips. Junction boxes shall be supported at four points.

3.15.2.4 Suspended Fixtures

Suspended fixtures shall be provided with swivel hangers or hand-straights
so that they hang plumb. Pendants, rods, or chains 4 feet or longer
excluding fixture shall be braced to prevent swaying using three cables at
120 degrees of separation. Suspended fixtures in continuous rows shall
have internal wireway systems for end to end wiring and shall be properly
aligned to provide a straight and continuous row without bends, gaps, light
leaks or filler pieces. Aligning splines shall be used on extruded
aluminum fixtures to assure hairline joints. Steel fixtures shall be
supported to prevent "oil-canning" effects. Fixture finishes shall be free
of scratches, nicks, dents, and warps, and shall match the color and gloss
specified. Pendants shall be finished to match fixtures. Aircraft cable
shall be stainless steel. Canopies shall be finished to match the ceiling
and shall be low profile unless otherwise shown. Maximum distance between
suspension points shall be 10 feet or as recommended by the manufacturer,
whichever is less.

Suspended fixtures installed in seismic areas shall have 45% swivel hangers
and shall be located with no obstructions within the 45% range in all
directions. The stem, canopy and fixture shall be capable of 45% swing.

3.15.3 Ballasts

Remote type ballasts or transformers, where indicated, shall be mounted in
a well ventilated, easily accessible location, within the maximum operating
distance from the lamp as designated by the manufacturer.

3.15.4 Emergency Light Sets

Emergency light sets shall conform to UL 924 with the number of heads as
indicated. Sets shall be permanently connected to the wiring system by
conductors installed in short lengths of flexible conduit.

3.16 BATTERY CHARGERS

Battery chargers shall be installed in conformance with NFPA 70.

3.17 EQUIPMENT CONNECTIONS

Wiring not furnished and installed under other sections of the
specifications for the connection of electrical equipment as indicated on
the drawings shall be furnished and installed under this section of the
specifications. Connections shall comply with the applicable requirements
of paragraph WIRING METHODS. Flexible conduits 6 feet or less in length
shall be provided to all electrical equipment subject to periodic removal,
vibration, or movement and for all motors. All motors shall be provided
with separate grounding conductors. Liquid-tight conduits shall be used in
damp or wet locations.

3.17.1 Motors and Motor Control

Motors, motor controls, and motor control centers shall be installed in
accordance with NFPA 70, the manufacturer's recommendations, and as
indicated. Wiring shall be extended to motors, motor controls, and motor
control centers and terminated.
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3.17.2 Installation of Government-Furnished Equipment

Wiring shall be extended to the equipment and terminated.

3.18 CIRCUIT PROTECTIVE DEVICES

The Contractor shall calibrate, adjust, set and test each new adjustable
circuit protective device to ensure that they will function properly prior
to the initial energization of the new power system under actual operating
conditions.

3.19 PAINTING AND FINISHING

Field-applied paint on exposed surfaces shall be provided under Section
09900 PAINTS AND COATINGS.

3.20 FIELD TESTING

Field testing shall be performed in the presence of the Contracting
Officer. The Contractor shall notify the Contracting Officer 14 days prior
to conducting tests. The Contractor shall furnish all materials, labor,
and equipment necessary to conduct field tests. The Contractor shall
perform all tests and inspection recommended by the manufacturer unless
specifically waived by the Contracting Officer. The Contractor shall
maintain a written record of all tests which includes date, test performed,
personnel involved, devices tested, serial number and name of test
equipment, and test results. All field test reports will be signed and
dated by the Contractor.

3.20.1 Safety

The Contractor shall provide and use safety devices such as rubber gloves,
protective barriers, and danger signs to protect and warn personnel in the
test vicinity. The Contractor shall replace any devices or equipment which
are damaged due to improper test procedures or handling.

3.20.2 Ground-Resistance Tests

The resistance of each grounding electrode shall be measured using the
fall-of-potential method defined in IEEE Std 81. Soil resistivity in the
area of the grid shall be measured concurrently with the grid measurements.
Ground resistance measurements shall be made before the electrical

distribution system is energized and shall be made in normally dry
conditions not less than 48 hours after the last rainfall. Resistance
measurements of separate grounding electrode systems shall be made before
the systems are bonded together below grade. The combined resistance of
separate systems may be used to meet the required resistance, but the
specified number of electrodes must still be provided.

a. Single rod electrode - 10 ohms.

3.20.3 Ground-Grid Connection Inspection

All below-grade ground-grid connections will be visually inspected by the
Contracting Officer before backfilling. The Contractor shall notify the
Contracting Officer 72 hours before the site is ready for inspection.

3.20.4 Cable Tests
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The Contractor shall be responsible for identifying all equipment and
devices that could be damaged by application of the test voltage and
ensuring that they have been properly disconnected prior to performing
insulation resistance testing. An insulation resistance test shall be
performed on all low and medium voltage cables after the cables are
installed in their final configuration and prior to energization. The test
voltage shall be 500 volts DC applied for one minute between each conductor
and ground and between all possible combinations of conductors. The
minimum value of resistance shall be:

R in megohms = (rated voltage in kV + 1) x 1000/(length of cable in feet)

Each cable failing this test shall be repaired or replaced. The repaired
cable system shall then be retested until failures have been eliminated.

3.20.4.1 Low Voltage Cable Tests

a. Continuity test.

b. Insulation resistance test.
3.20.5 Motor Tests

a. Phase rotation test to ensure proper directions.

b. Operation and sequence of reduced voltage starters.

c. High potential test on each winding to ground.

d. Insulation resistance of each winding to ground.

e. Vibration test.

f. Dielectric absorption test on motor and starter.

3.20.6 Dry-Type Transformer Tests

The following field tests shall be performed on all dry-type transformers .

a. Insulation resistance test phase-to-ground, each phase.

b. Turns ratio test.

3.20.7 Circuit Breaker Tests

The following field tests shall be performed on circuit breakers.

3.20.7.1 Circuit Breakers, Low Voltage

a. Insulation resistance test phase-to-phase, all combinations.

b. Insulation resistance test phase-to-ground, each phase.

c. Closed breaker contact resistance test.

d. Manual and electrical operation of the breaker.

3.20.7.2 Circuit Breakers, Molded Case
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a. Insulation resistance test phase-to-phase, all combinations.

b. Insulation resistance test phase-to-ground, each phase.

c. Closed breaker contact resistance test.

d. Manual operation of the breaker.

3.20.8 Protective Relays

Protective relays shall be visually and mechanically inspected, adjusted,
tested, and calibrated in accordance with the manufacturer's published
instructions. These tests shall include pick-up, timing, contact action,
restraint, and other aspects necessary to insure proper calibration and
operation. Relay settings shall be implemented in accordance with the
coordination study. Relay contacts shall be manually or electrically
operated to verify that the proper breakers and alarms initiate. Relaying
current transformers shall be field tested in accordance with IEEE C57.13.

3.21 OPERATING TESTS

After the installation is completed, and at such time as the Contracting
Officer may direct, the Contractor shall conduct operating tests for
approval. The equipment shall be demonstrated to operate in accordance
with the specified requirements. An operating test report shall be
submitted in accordance with paragraph FIELD TEST REPORTS.

3.22 FIELD SERVICE

3.22.1 Onsite Training

The Contractor shall conduct a training course for the operating staff as
designated by the Contracting Officer. The training period shall consist
of a total of 72 hours of normal working time and shall start after the
system is functionally completed but prior to final acceptance tests. The
course instruction shall cover pertinent points involved in operating,
starting, stopping, servicing the equipment, as well as all major elements
of the operation and maintenance manuals. Additionally, the course
instructions shall demonstrate all routine maintenance operations.

3.22.2 Installation Engineer

After delivery of the equipment, the Contractor shall furnish one or more
field engineers, regularly employed by the equipment manufacturer to
supervise the installation of equipment, assist in the performance of the
onsite tests, oversee initial operations, and instruct personnel as to the
operational and maintenance features of the equipment.

3.23 ACCEPTANCE

Final acceptance of the facility will not be given until the Contractor has
successfully completed all tests and after all defects in installation,
material or operation have been corrected.

-- End of Section --
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